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HEAT OF VAPORIZATION OF WATER AT 50°, 70°, AND 90° C. 
By E, F. Fiock and D. C. Ginnings 


ABSTRACT 


The values of the heat of vaporization of water at 50°, 70°, and 90° C. have 
been determined as 2,381.6, 2,333.6, and 2,283.4 international joules per gram. 
These results were obtained subsequent to the publication of a detailed report on 
calorimetric determinations of thermal properties of saturated water and steam. 
The measured values below 100° are in excellent agreement with those obtained 
by extrapolation from the measurements above 100° C. 


Thermal properties of saturated water and steam in the range from 
0° to 270° C., as measured at this bureau, have already been published.’ 
The determinations of heat of vaporization given before extended 
from 100° to 270° C. Since the publication of the first paper it has 
been possible to extend the measurements of heat of vaporization 
down to 50° C. These measurements have been carried out under 
the direction of N. S. Osborne and H. F. Stimson. This brief report 
is given as a supplement to the previous detailed description. The 
apparatus, manipulation, notation, and reduction of the data are 
essentially unchanged. 

The results of the more recent experiments are given in detailed 
form in Table 1. 


1B. 8. Jour. Research, vol. 5 (RP209), pp. 411-480, 1930. 
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Table 2 shows the reduced results of the experiments at low ten. 
peratures. The values of 8 in column 3 were calculated from the 


: Iu ‘ , 7 ; 
equation B= yy’ Using the values of wu’ given by Keyes and Smith: 


TABLE 2.—Heat of vaporization (L) of water at 50°, 70°, and 90° C. 
| L 


| 





Temperature Y 8 
6 observed calculated| 
Observed | Calculated | 
| | 





Int. | 
*¢. Int. joules/g, joules/g |Int. joules/g | Int. joules/g 
ee 2,382.0 | 0.2 | 2,381.8 2, 381.6 
ae 2, 333.9 | .6 | 2,333.4 2, 333. 6 
nctentns tabi 2, 282.7 | 1.0 2, 282. 7 2, 283.4 | 





Notre.—The values of Z shown in column 5 were calculated from the 
equation 


L =0.002562(374 — 6)? — 5.883(874 —6@) + 249.9(374 —6)* — 113(374 -#).x 


This equation, which was fitted to the observed values of heat of vapor. 
zation above 100°, holds equally well for the observations down to 
50° C. 


WASHINGTON, January 6, 1932. 


? Mechanical Engineering, vol. 53, pp. 132-135; 1931. 
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NOTE ON INTERNATIONAL COMPARISON OF X-RAY 
STANDARDS 


By Lauriston S. Taylor 


A recent paper! gave a description of comparisons of the Bureau 
of Standards X-ray ionization standard with that of the National 
Physical Laboratory, Physikalisch-technische Reichsanstalt, and Le 
Service d’Etalonnage de l’Hépital St. Antoine. In these com- 
parisons it was necessary in all cases to make corrections for the 
absorption of X rays in air, for which absorption coefficients were 
obtained by extrapolation from available data. These coefficients 
are, aS pointed out, uncertain. 

Unfortunately, corrections for this paper, suggested by Doctor 
Kaye, were received after it was too late to insert them. He informs 
us that their recent determinations of the air absorption correction 
under the conditions used in the comparisons gives values somewhat 
different from those used in the published paper. For 110 kv unfil- 
tered radiation Doctor Kaye finds a correction of 2.2 per cent as 
against 1.5 per cent used in the published paper. For 143 kv, 1.4 


mm copper, his correetion agreed with the published value. Apply- 
ing the first correction raises the values of the N. P. L. determination 
by approximately 0.7 per cent. 

When Kaye’s values are used, column 11, Table 3 of the published 
paper becomes: 


Per cent 


Average difference of intact systems___._......--.----------- —1.0 
Corrected for compensator differences +.5 


Average difference when using the same diaphragms_._-__. —1. 9 
Corrected for compensator differences._..._._.._..-...--_----- —.4 

The resulting N. P. L. values for the magnitude of the roentgen, 

as given in Table 9, column 4, are: 
1.005 when corrected for diaphragm differences. 
.996 when using the same diaphragm on both chambers. 
1.0005 when averaging all readings taken. 

We would also call attention to an error, page 16, line 3 under 
Table 3. The sentence should read: “Runs 1 and 3 are straight- 
forward comparisons; run 2 was made with the tube diaphragm 
increased in diameter from 12 to30 mm; * * *.” 


WasHINnGTON, January 8, 1932. 





‘L. 8. Taylor, B. 8. Jour. Research, vol. 8 (RP397), pp. 9-24, 1932. 
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THE COURSE OF THE OXIDATION OF THE ALDOSE 
SUGARS BY BROMINE WATER 


By H. S. Isbell and C. S. Hudson 


ABSTRACT 


The optical rotation of a buffered glucose solution upon bromine oxidation 
rises to a point which corresponds approximately with the rotation of the delta 
gluconiec lactone; then the rotation decreases to a minimum value at a rate 
corresponding to the hydrolysis of the delta lactone; and finally the rotation 
slowly increases to a point corresponding to the equilibrium rotation of gluconic 
' acid. These changes agree qualitatively with the hypothesis that the delta 
gluconic lactone is formed in solution immediately after the oxidation of the 
sugar by bromine water. Apparently the 1, 5 ring form of glucose is oxidized 
directly to the 1, 5 gluconic lactone, but the authors believe that further data 
must be obtained before this mechanism is definitely established. 

The oxidation of various sugars was followed by the same method and similar 
changes were observed which indicate that the aldose sugars in general are 
| oxidized by bromine water in slightly acid solution to the delta lactones rather 
than to the sugar acids as previously believed. 


CONTENTS 


I. Introduction 
IJ. Bromine oxidation of glucose 
III. Bromine oxidation of various sugars 
1. Oxidation of d-galactose 
2. Oxidation of l-arabinose 
3. Oxidation of d-xylose 
4. Oxidation of lactose..__._.___-- ee ee eer re 
IV. Experimental details 


I. INTRODUCTION 


The oxidation of the aldose sugars to monobasic acids by bromine 
water, a classical reaction which was originally introduced by H. 
Kiliani,! has been considered as evidence for the aldehydic structure 
for glucose and related sugars. The mechanism of the reaction has 
been explained on the hypothesis that in an aqueous solution of 
glucose an aldehyde tautomer exists in small quantity in equilibrium 
with the normal form. As this aldehyde form is used up by oxidation 
the equilibrium disturbance causes a new portion to be formed; 
finally, all the sugar reacts as an aldehyde.” * * ° 


CH,OH (CHOH),.CHO + Br, + H,JO—CH,OH (CHOH),.COOH + 2HBr 
Aldose Aldonic acid 





'H. Kiliani, Ann., vol. 205, p. 182, 1880; also Kiliani and Kleeman, Ber., vol. 17, p. 1298, 1884. 

’ Pringsheim, “‘Zuckerchemie,’’ Leipzig, p. 8, 1925. 

* Crammer, ‘‘ Les Sucres,’’ Gaston Doin & Co., Paris, p. 22, 1927. 

‘ Armstrong, ‘‘ The Carbohydrates and the Glucosides,’’ Longmans, Green & Co., London, p. 67, 1924. 
* Haworth, ‘Constitution of Sugars,” Edward Arnold & Co., London, p. 4, 1929. 
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This concept is based upon the fact that when 1 molecule of bromin 
reacts with 1 molecule of glucose the final products which have bee, 
isolated are 2 equivalents of hydrogen bromide and 1 molecule oj 
gluconic acid. The isolation of these products does not determin. 
the mechanism of the reaction because the sugar after oxidation may 
pass through a number of steps prior to the separation of the fing 
products. This is particularly true in regard to the sugar acids a 
they are interconvertible with their lactones. In 1914 Nef ® showed 
that gluconic acid forms two lactones rather than one. The second 
lactone he called a beta lactone, while the one previously known wa 
considered as a gamma lactone; Nef’s beta lactone is now believed 
to be a 1, 5 or delta lactone. The two lactones contain five and six 
membered oxygen rings in wnich respect they are analogous to the 
gamma and the normal forms of glucose. A freshly prepared aqueous 
solution of gluconic acid on standing forms an equilibrium between 
the acid and the two lactones. As shown by Levene and Simms’ 
the delta lactone is formed rapidly while the gamma lactone is formed 
more slowly. By utilization of the different rates of formation eithe 
lactone may be separated at will. In the past the sugars have bee 
regarded as being oxidized to the acids, the lactones being secondary 
products. It will be shown in the next paragraph that this fund- 
mental concept must be altered in order to account for the exper- 
mental facts which are given, 


II. BROMINE OXIDATION OF GLUCOSE 


In a previous paper ° the authors give an improved method for the 
preparation of aldonic acids which differs from previous methods in 
that during the oxidation of the sugar with bromine water a slightly 
acid reaction is maintained by means of a buffer. The reaction i 
rapid and nearly quantitative and hence it is possible to follow the 
course of the reaction by the optical rotation of the solution. When 
the reaction was followed in that manner a series of peculiar changes 
in optical rotation was observed. As illustrated in Curve I[ of 
Figure 1 the specific rotation of a buffered solution of glucose on 
oxidation increases in a few minutes to a maximum value, then 
decreases rapidly to a minimum and thereafter slowly increases and 
finally becomes constant. 

When the oxidation is interrupted by removing the free bromine a 
mutarotation of the solution occurs. If the bromine is removed with 
sodium thiosulphate the mutarotation which follows is very rapid, as 
illustrated in Curve III of Figure 1, but if the bromine is removed 
without altering the acidity of the solution the specific rotation 
changes more slowly, as in Curve II. This may be accomplished by 
shaking the solution with olive oil. Since the bromine combines 
directly with the oil there are no objectionable by-products and no 
marked changes in acidity. If the bromine is removed with olive oll 
shortly after the specific rotation of the original oxidation mixture 
reaches a maximum, the rotation of the resulting solution decreases 
to a minimum and thereafter slowly rises to a constant value. These 
changes are entirely different from the changes characteristic of & 





® Nef, Ann., vol. 403, p. 325, 1914. 
7 Levene and Simms, J. Biol. Chem., vol. 65, p. 31, 1925. 
§C. 8. Hudson and H. S. Isbell, J. Am. Chem. Soc., vol. 51, p. 2225, 1929; also in B. 8. Jour. Research, 
vol. 3, p. 57, 1929. 
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gluconic acid solution. The specific rotation of a freshly prepared 
solution of gluconic acid (Curve IV, fig. 2) decreases from a negative 
value to zero, and finally becomes positive, and thereafter increases 
very slowly. Inasmuch as the specific rotation of gluconic acid is 
less than that of any known form of glucose if gluconic acid were 
formed initially the specific rotation would decrease rather than 
increase. ‘The initial rise in the optical rotation of the solution of 
glucose on bromine oxidation shows that gluconic acid 7§ not the 
primary product of the oxidation of glucose in acid solution. As a 
consequence, we must seek a new interpretation for the mechanism 
of this important reaction. With the experimental conditions used 
in the reaction under discussion a certain ring form of the sugar 


) 
& 
5 
§ 
4 


Minutes 
Figure 1.—Bromine oxidation of glucose 


T, changes in the specific rotation of the sugar solution during oxidation. 


II, changes in the specific rotation of a portion of the solution after interrupting the oxidation by removing 
the free bromine with olive oil. 


III, changes in the specific rotation of a portion of the solution after removing the free bromine with sodium 
thiosulphate. 

might be oxidized rather than the hypothetical aldehydic form. If 

the sugar ring is not broken a gluconic lactone would be formed 

directly as indicated by the following equation: 


HHH OHH 4H HHH OHH ,0 
HO 0.0.6 .¢ .C.0 + Br. ———»> HO C.C.C .C .C.c” + 2HBr 


H | OH H OH| OH e H | OH H OH 
Not [= 


According to this concept the oxidation of glucose by bromine con- 
sists in the transfer of each of the two hydrogen atoms associated 
with the terminal carbon atom in a molecule of glucose to a mole- 
cule of bromine, giving a net result of 1 molecule of gluconic lactone 
and 2 molecules of hydrogen bromide. If the normal form of glu- 
cose (1,5) were oxidized in this manner the delta or 1,5 gluconic 
lactone would be formed. This would explain the changes in rota- 
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tion observed during the bromine oxidation of the sugar. Thus, } 
the oxidation product is the delta lactone the initial rise in specif, 
rotation is caused by its formation, the subsequent rapid decrease iy 
rotation being due to its hydrolysis to gluconic acid, the hydrolysis 
proceeding until a quasi equilibrium is established between the deli, 
lactone and the acid, thus accounting for the minimum value, an( 
simultaneously a second or gamma lactone is formed very slowly. 
The formation of the second lactone, continuing long after equili}. 
rium is established between the delta lactone and the acid, adequately 
explains the slow rise in rotation. 

A comparison of the changes in optical rotation of glucose o 
bromine oxidation, of gluconic acid, and the delta lactone, is given 
in Figure 2, which shows graphically the close agreement in rotation 
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Figure 2.—Curves showing a comparison in the specific rotation of the 
oxidation product from glucose with gluconic acid and its delta lactone 
I, a buffered glucose solution upon bromine oxidation (Table 1). 


II, rotation of the ontheee sae. from glucose after bromine oxidation in which further oxidation wa 
stopped by removing the excess bromine (sample A, Table 2). 


ITT, mutarotation of the delta gluconic lactone (Nef). 
IV, mutarotation of a buffered solution of gluconic acid (Table 5). 



































and reaction rates of the oxidation product with the delta gluconic 
lactone. 

Although in Curve I a small amount of glucose is continuously 
being oxidized into the delta lactone which causes the rotation to be 
higher than that which would be observed if this did not occur, the 
change in rotation is very similar to the mutarotation of Nef’s® lac- 


* Nef, Ann., vol. 403, p. 325, 1914. The following data are given: 0.8010 g of the ““B”’ gluconic lactoue 
was dissolved in 19.3220 g of water and the following rotations were read in a 1 dm tube at 20°C.; 12 mir 


utes after solution, +2.48°, [cx]20 = 61.7; 13 minutes, +2.46°; 21 minutes, +2.88°; 24 minutes, +2.22°; 1}: 
hours, +0.83°; 214 hours, +0.4°; 4% hours, +0.31°; 26 hours, +0.25° (minimum); 46 hours, +0.32°; 70 
hours, +-0.39°; 114 hours, +0.40°; from which we calculated the additional values for [a] ?. 13 minute, 


+61.4°; 21 minutes, +56.9°; 24 minutes, +55.4°; 90 minutes, +20.7°; 150 minutes, +10.0°; 270 minutes, 
+7.74°; 1,560 minutes, +6.24°; 46 hours, +7.99°; 70 hours, +9.74°; 114 hours, +10.0°. 
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tone shown in Curve III. Curve II shows the change in specific 
rotation of the oxidation product from glucose after bromine oxida- 
tion in which the excess bromine was removed by olive oil. The 
rotations were calculated as given in the experimental portion of the 
paper. After the first 30 minutes, Curve III drops more rapidly 
than Curve II, while for the first 30 minutes Curve II drops slightly 
more rapidly than Curve III. This is due to the fact that the 
sample shown in Curve II is buffered with sodium acetate and 
acetic acid, while Nef’s solution shown in Curve III is not buffered; 
initially the sample shown in Curve II is slightly more acid than Nef’s 
' solution on account of the acetic acid in the buffer, but as the lac- 
tone shown in Curve III hydrolyzes it becomes more acid than the 
' solution shown in Curve II. Curve IV shows the mutarotation of a 
' buffered solution of gluconic acid. The specific rotation starts 
' with a negative value and changes at approximately the same rate 
' as the rotations of the oxidation product and the delta lactone. 
After 400 minutes the value reaches approximately that shown in 
Curves II and III. In the latter portion of all the curves a gradual 
rise in rotation occurs, as one would expect, since the final products 
' are the same. 

' The marked similarity of the mutarotation of the oxidation prod- 

uct (Curve II) to the mutarotation of the delta lactone (Curve III), 
together with the dissimilarity to the mutarotation of gluconic acid 
(Curve IV) indicates that the rapidly mutarotating substance is the 
delta or 1,5 gluconic lactone. If we interpret the fact that lactone 
formation precedes the formation of gluconic acid to indicate that 
one ring form of the sugar is oxidized directly to the lactone, we can 
not say whether or not the particular form of the sugar which is 
oxidized is the predominating form in solution. Nevertheless it is 
of interest that the delta or 1,5 lactone is found in solution after the 
oxidation of a solution containing normal glucose which supposedly 
contains a 1,5 ring. 

Since the lactone appears in solution immediately after the oxida- 
tion, if the sugar ring is broken it must be closed again within a few 
minutes. This might be accomplished by means of an intermediate 
compound which has the property of condensing rapidly to form the 
lactone. But regardless of the exact mechanism whereby the lac- 
tone is formed, its appearance prior to that of gluconic acid gives a 
new conception for the oxidation of the aldose sugars in slightly 
acid solution. 


III. BROMINE OXIDATION OF VARIOUS SUGARS 


Inasmuch as the specific rotations of the lactones of the aldose 
sugars differ in value, it is reasonable to assume that the corresponding 
sugars on bromine oxidation should show similar variations in the 
values of their specific rotations. Our experimental results indicate 
that such is the fact. In addition, our observations have shown that 
in each case a series of changes occurs which indicates that the delta 
lactones are the first products which can be detected and that the 
acids which appear subsequently are secondary products resulting 
from the bedvalyeie of the lactones. Some of the lactones which are 
indicated by these observations are not known at present, but will 
undoubtedly be prepared in the future. 
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The experimental method was essentially that outlined for glucos. 
In each case the same quantities by weight of the reagents and sugg 
(anhydrous) were used. The rotations were read in a 1dm tube an( 
calculated to the specific rotations which are based upon the weight of 
sugar. ‘The temperatures were maintained as near 20° as possible, 
but the large amount of heat liberated in the reactions caused some 
variations. Further experiments are in progress wherein the con. 
ditions are more rigidly controlled, the results of which will be treated 
in subsequent publications. 


1. OXIDATION OF d-GALACTOSE 


The changes in rotation which occur on the oxidation of galactose 
(fig. 3, Curve I) resemble those found for glucose in that the specific 
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Ficure 3.—Bromine oxidation of galactose 


I, changes in the specific rotation of the sugar during the oxidation. 





IT, changes in the specific rotation of a portion of the solution after interrupting the oxidation by removing 
the bromine with sodium thiosulphate. 


rotation increases initially, then decreases rather rapidly for several 
hours. Subsequently the rotation decreases very slowly to a con- 
stant negative value which corresponds to the equilibrium condition 
between the acid and the lactones. Obviously the highly dextro 
rotatory oxidation product is not galactonic acid which exhibits a 
negative specific rotation ([aJ}=—10.6). The rotation of the 
oxidation product decreases on standing while the rotation of galac- 
tonic acid first increases, reaching a maximum in about twofhours, 
then slowly decreases.'' The initial rise in the rotation of the solution 
after bromine oxidation indicates that the delta galactonic lactone 
(presumably formed) is more dextro rotatory than the sugar. The 










1@ Ruff and Franz, Ber., vol. 35, p. 948, 1902. 
1t Levene and Simms, J. Biol. Chem., vol. 65, p. 41, 1925. 
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rapid decrease in rotation is caused by the hydrolysis of this lactone 
which proceeds until a quasi equilibrium with the free acid is estab- 
lished. As the gamma lactone continues to form, the negative 
rotation of the solution increases because the specific rotation” of the 
gamma lactone ([e]5 = — 77) is even more negative. 


2. OXIDATION OF I-ARABINOSE 


The changes in rotation which occur on the oxidation of arabinose 
| (ig. 4, Curve I), are very similar to those found for galactose. The 
marked similarity might be expected from the closely related struc- 
tures. The delta arabonic lactone which at present is not known also 
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Figure 4.—Bromine oxidation of arabinose 
I, changes in the specific rotation of the sugar during the oxidation. 


II, changes in the specific rotation of a portion of the solution after interrupting the oxidation by removing 
the bromine with sodium thiosulphate. 


appears to be more dextro rotatory than the free sugar. The specific 
rotations of /-arabonic acid and its gamma lactone are reported as 
[e/5= —9 8 and [a]$ = —73," respectively. A comparison of the spe- 
cific rotation of the free acid with specific rotation of the sugar during 
the oxidation shows that the acid is not the initial oxidation product. 


3. OXIDATION OF d-XYLOSE 


Although the changes in rotation which occur on the oxidation of 
d-xylose, as shown by the specific rotation curves (fig. 5) appear to be 
quite different from those previously given, they indicate that similar 
phenomena are taking place. The curves appear different because the 
irst product, presumably the delta lactone, has a negative rotation, 


"Nef, Ann., vol. 403, p. 276, 1914. 
* Allen and Tollens, Ann., vol. 260, p. 312, 1890. 
“ Fischer and Piloty, Ber., vol. 24, p. 4219, 1891. 
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causing the rotation to decrease initially. As this strongly neg. 
tively rotating lactone is hydrolyzed to the free acid the negatiy 
specific rotation decreases to zero. After becoming positive } 
increases as the dextro rotating gamma lactone “ is formed. Th 
delta xylonic lactone is not known at present, but these results 
indicate it has a strongly negative specific rotation. 
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Fiaure 5.—Bromine oxidation of xylose 
I, changes in the specific rotation of the sugar during the oxidation. 


IT, changes in the specific rotation of a portion of the solution after interrupting the oxidation by removing 
the bromine with olive oil 


IIT, changes in the specific rotation of a portion of the solution after interrupting the oxidation by removing 
the bromine with sodium thiosulphate. 


4. OXIDATION OF LACTOSE 


The oxidation of lactose is of particular interest because the fourth 
carbon in this sugar is substituted and the corresponding monobasic 
acid can not form a gamma lactone. The changes in rotation (fig. 6, 
Curve 1) show that only a single lactone is formed. The oxidation 
curve for lactose differs from the other sugars in that it does not give 
the final slow change in rotation characteristic of the gamma lactones 
The type of specific rotation curve obtained with this sugar is addi- 
tional evidence supporting the hypothesis that the delta lactones are 
formed prior to the sugar acids in the course of the oxidation of the 
normal aldose sugars by bromine water. The lactone of lactobionic 
acid is not known in the crystalline state. The initial rise in rotation 
shown in Curve I indicates that the rotation of this lactone is more 
dextro than the rotation of lactose. 


16 According to Clowes and Tollens, [a > =+74.4, Ann., vol. 310, p. 175, 1900. 
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Hudson 
IV. EXPERIMENTAL DETAILS 


The oxidation of glucose was conducted in the following manner: 
97% g of a-d-glucose monohydrate (25 g of anhydrous sugar), 37.5 g 
of crystalline sodium acetate and 2.5 ml of glacial acetic acid were 
dissolved in sufficient water to give 244 ml. After 18 hours the rota- 
tion was measured at 20° with a Bates saccharimeter; the solution 
was then cooled to +8° and 8.75 ml of bromine were added, making 
the total volume of the solution 250 ml. The solution was shaken 
vigorously until the bromine was completely dissolved, which re- 
quired one or two minutes. The temperature rose rapidly to 20° 


' where it was maintained by occasional immersion of the flask in an 
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Fieurn 6.—Bromine oxidation of lactose 
I, changes in the specifie rotation of the sugar during the oxidation. 


[and III, changes in the specific rotations obtained from portions of the solution after interrupting the 
oxidation at different times by removing the bromine with olive oil. 


ice bath. Since it was desired to obtain readings as soon as possible 
the solution could not be kept in a thermostat, and, consequently, it 
was not possible to control the temperature very closely during the 
early stages of the reaction. A portion of the oxidation solution was 
transferred to a 1 dm polariscope tube and the rotation read every 
few minutes. The readings are given under ‘‘ Rotation of the solu- 
tion,’ Table 1. Simultaneously, samples of the oxidation solution were 
pipetted into small glass-stoppered flasks which contained 25 ml of a 
10 per cent potassium iodide solution, and the free bromine was deter- 
mined by titration with sodium thiosulphate. The amount of bro- 
mine used in the oxidation of the sugar was obtained by the difference 
inthe titration of a blank which contained the same quantity of 
bromine, but did not contain any glucose, and the titration of the 
sample. The results are expressed in Table 1 as ml of N/10 bromine 
used per ml of the sugar solution. 


99675—32——2 
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TABLE 1.—Bromine oxidation of glucose at 20° C. 


1 dm tube, international sugar degrees 

25 g glucose (a=28) 

37.5 g sodium acetate (NaC2H3023H30) 

2.5 mil glacial acetic acid 

Water to make a total volume of 250 ml after the addition of 8.75 ml bromine 























#7 percnerr peewee 
Rotation of the solution | Bromine determination 
eo om . 
| 20 used per; Sugar 
aT *8. | [«] D ST | ml sugar | oxidized 
| solution 
| | ml N/10 
Minutes Minutes | solution | Per cent 
0 15.0 WE: Invewcasduns cthiotetilnaantiameas 
4 19.0 | 66. 4 4 | 5. 85 52.7 
6.5 19.0 | 66.4 | 14 | 6. 65 59.9 
y 18.7 | 65.3 32 | 7. 30 65.7 
22 18.0 62.9 56 8. 25 74.3 
28 17.4 60.8 172 | 9. 30 83.7 
38 15.9 | 55.5 1,375 | 10.60 95.4 
46 15.5 | 54.1 5,940 | 11.00 | 99.0 
54 148 | 51.7 7,200 | 11.10 | 100. 0 
01 96,04 0 —deewervowee on beneenfuamiinannd 
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| 4, 320 bE | pecere ened 
| 5, 713 12 * Rees mae eX Gossasaee 
7, 200 3.6 | DE. Siniditodsan bamemaibictanebecatie | 
i : BR YB ese once comme se a eens | 








The mutarotations of samples of the solution after the bromine 
oxidation of glucose are given in Table 2. Samples A, B, and C 
were taken at different times, and the oxidation stopped by removing 
the excess bromine by shaking with olive oil. In this manner the 
excess bromine is removed very quickly without changing the acidity 
of the solution. A small amount of decolorizing carbon was added 
and the mixtures were filtered through dry filter papers directly into 
polariscope tubes. The polariscopic readings for each sample are 
recorded under “°S.” The “per cent of glucose” oxidized was 
obtained from the amount of bromine used as given in Table 1. The 
unoxidized glucose is the difference between the amount originally 
added and the amount oxidized by the bromine water. The rotation 
of the unoxidized glucose is computed upon the assumption that the 
specific rotation of the unoxidized glucose remains constant and equal 
to +52.4°. The “lactone formed” per ml of solution is calculated 
from the bromine used, by multiplying the values for the ml of N/10 
bromine used (see Table 1) by the factor 0.0089. The rotation of the 
“lactone formed” is equal to the difference between the rotation of 
the solution and the rotation of the unoxidized glucose, and the 
specific rotation of the “lactone” is equal to this difference expressed 
in circular degrees divided by the weight of lactone per ml of solution. 


16 The calculations were made upon the assumption that the mutarotation of the solution was due solely 
to the oxidation product. Probably certain forms of the sugar are more easily oxidized than others. Hence 
one form may be preferentially oxidized and the equilibrium of the various forms of the sugar may be dis- 
placed. This equilibrium disturbance would cause the rotation of the unoxidized sugar to change as the 
sugar copeeeenes equilibrium. The preliminary results indicate that any error which may arise from 
an equilibrium disturbance under the specific experimental conditions is small, but the subject is being 
investigated further. 
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TaBLE 2.—Mutarotation of samples after bromine oxidation of glucose 


(The excess bromine was removed with olive oil) 










































































ene. | 
Sample A | Sample B Sample C 
| Lactone formed=0.0521 | Lactone formed=0.0592 Lactone formed =0.0943 
g per ml | g per ml g per ml 
Unoxidized glucose= | Unoxidized glucose= Unoxidized glucose= 
0.0473 g per ml | 0.0401 g per ml 0.0046 g per ml 
Celen- Ealons Caleu- 
© ated ° ated oa ated 
AT 8. | falp | AT 8. | felp AT 8. | lalp 
lactone lactone | lactone 
4 ; P tor. 
| Minutes Minutes Minutes | 
ges Ree oh “Seales 8 pee ae 
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| 10 17.7 70.1 26 16. 7 62.2 1,393 $3 | 0&5 
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47 | 132] 401 | 98 | 1.5 | 318 | 7,165 | 39 | 118 | 
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TABLE 4.—Mutarotation of gluconic acid at 20° C.! 


1 dm tube, International sugar degrees. 

0.0139 mole, sodium gluconate or 13.9 ml N/1 solution. 
0.0137 mole, sodium acetate or 1.86 g NaC2H302:3H:0. 
0.0184 mole, acetic acid=1.02 ml glacial acetic acid. 
0.0278 mole, hydrobromic acid =4.06 ml 6.85 N/1 solution. 
Sufficient water to make a total volume of 25 ml. 











] | 

| | og 202 || | °S 20 | 
| 47 | s | [a] > AT | °8 | [@ D | 
j | j | j 
| ee | j —— er a 
| Minutes | Minutes | | 
| 46 1 =“ | 8.29 | 87 | +13 | +4385 | 
| 65 | -L7 | —5.94 || 100 | +1.3 +4.55 | 
| 65 | —1.6 —5. 60 113 | +1.6 +5. 60 
| 9 —1.6 —5. 60 129 | +1.7 +5. 94 

} 12 | —12 | —4.20 170 | +18 | +6.29 
| | | 

| 15 —1.0 —3. 50 210 | +1.95 | +6,82 
| 19 —.7 —2. 45 286 | +2.0 | +6.99 | 
| 26 —.5 —1.75 1,455 | +2.4 | +8.39 

| 30 —.2 —.7 1,825 | +26 | +9.09 | 
| 36 | +.05 | +.17 6,195 | +3.7 | 412.94 
| 44 +.4 +1. 40 7,575 | +3.85 | +13.46 | 
| 54 +.6 2.10 8,160 | +4.0 | +13.99 | 
| 64 +.85 | +2.97 13,920 | +46 | +16.09 | 
. $1.1 | 43.85 [j--.....-.| +50 | +17.49 | 








1 Equivalent concentrations to those in sample C, Table 2. 
2 Calculated upon the weight of the lactone, 


WASHINGTON, January 11, 1932. 
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| FLUCTUATIONS OF THE RATE OF EMISSION OF a-PAR- 
TICLES FOR WEAK SOURCES AND LARGE SOLID ANGLES 


By L. F. Curtiss 


ABSTRACT 


An investigation of the fluctuations in the rate of emission of a-particles from 
very weak polonium sources (of the order of 3 10-™ ¢rie/mm?) for solid angles 
approximately equal to 47 has been made, using automatic registration and a 
special double Geiger point counter. The object was to try to detect the large 
deviations for weak preparations reported by Pokrowski (Z.S. fiir Phys., vol. 58, 
p. 706, 1929; and vol. 59, p. 427, 19380). The total number of particles counted 
for two different sources was about 306,700 recorded in 14 different sets of obser- 
vations at average rates of from 300 to 45 per minute, representing practically 
the total rate of emission from each source. The values of Q? for each set of 
observations were computed from the expression 


where 1, is the number of equal intervals, each containing x a-particles, m is the 
the average number per interval and L is the number of a-particles observed. 
This divergence coefficient, which for a random distribution equals unity, varied 
between 0.828 and 1.110 for the 14 different sets. The average value of Q? ob- 
tained, however, is 1.004 which indicates that under these conditions there is no 
appreciable deviation from a purely random distribution. 


CONTENTS 


I. Introduction 
II. Description of apparatus 
III. Experimental results 


I. INTRODUCTION 


Investigations of the accuracy with which the distribution of the 
rate of emission of a-particles conforms to that required by the law 
of probability have quite generally failed to show any perceptible 
deviation from the probability distribution. Renewed interest in 
this problem has resulted in several recent studies intended to detect 
small deviations from random distributions. In addition to obser- 
vations on sources acted upon by some external stimulus, such as 
X rays or. y rays, considerable attention has been paid to radioactive 
preparations under normal conditions in an effort to discover anoma- 
lous effects. Attempts of this kind have been encouraged, in part 
at least, by the development of improved methods of automatic 


registration which might be expected to reveal small discrepancies 
which formerly were missed as the result of the subjective errors 
possible in the scintillation method of studying the problem, which, 
in the early investigations, was the only method available. 
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The investigation here described deals only with preparations in th 
absence of external stimulus. Furthermore it is not concerned with 
those deviations from random distributions such as have been reporte 
by Kutzner and others,’ using fairly concentrated preparations an( 
which may be explained as the result of aggregate recoil. The presen; 
work was undertaken to test, by a different method from those pre. 
viously employed, the suggestion of Pokrowski? that very weak 
sources might show deviations from a probability distribution. The 
experiments which he performed to test this idea were done with zinc 
— screens artificially ‘“‘contaminated’’ with a small amount of 
radioactive material (about 10- gm/mm?). He reports decided 
deviations from a random distribution of such nature that very short 
intervals between appearances of particles occur much more frequently 
than is demanded by probability. On the other hand, two subse. 
quent studies have been described, one by Herszfinkiel and Dob. 
rowolska* and the other by Feather,‘ both using methods quite 
similar to those described by Pokrowski, but failing to confirm his 
results. 

Since the experiments just mentioned were all done by the scintills. 
tion method it was thought possible that the disagreement which they 
exhibit could be referred in some way to the difficulties of making such 
observations and the possiblity for errors, particularly where a large 
number of scintillations are counted by a single observer. This con- 
sideration led the writer to undertake a few experiments, described in 
this paper, to test the weak source hypothesis of Pokrowski by 1 
method using entirely automatic registration. 


II. DESCRIPTION OF APPARATUS 


In making a test of this hypothesis it is necessary to make certain 
of including as large a solid angle as possible since Pokrowski postu- 
lates that this anomalous behavior of weak preparations is the result 
of two somewhat independent phases of the condition which exists in 
a weak preparation. He assumes that the reaction of a disintegrating 
atom may increase the probability of one of its neighbors disintegrat- 
ing even to the extent of causing it to disintegrate simultaneously; 
and, since there is little likelihood of both particles thus ejected travel- 
ling in the same direction, one of the particles would fail to be counted 
if, as usual, particles emitted within a small solid angle are observed. 
In his experiments he imbedded the radioactive material in the zine 
sulphide screen to avoid this difficulty. If anything of this kind occurs 
it can best be detected by observations which include practically all 
the particles emitted by a preparation so that, if peculiar spatial dis- 
tributions are present, these can also affect the results. 

The apparatus used in the present experiments was designed to 
count as nearly as is practicable all the particles emitted by the source 
in all directions. A roe double Geiger point counter was used for 
this purpose. It is shown diagrammatically in Figure 1. The two 
counting chambers are separated by a thin aluminum foil, F, of about 
5mm stopping power. The polonium source, P, is formed by allow- 





1 Kutzner, W., Z. 8. fiir Phys., vol. 21, p. 281, 1924. Curtiss, L.{F., B. 8. Jour. Research, vol. 4 (RP 166), 
p. 595, 1930. 

2 Pokrowski, G. I., Z. 8. fir Phys., vol. 58, p. 706, 1929; vol. 59, p. 427, 1930. 

4 Herszfinkiel, H., and Dobrowolska, H., Z. 8S. fiir Phys., vol. 62, p. 432, 1930. 

‘ Feather, N., Phys. Rev., vol. 35, p. 705, 1930. 
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inga small drop of a very dilute solution of polonium to evaporate on 
the foil. This solution was prepared by depositing a little polonium 
from a RaD solution on a bit of silver foil and then dissolving the foil 
in nitric acid. This solution was then diluted until sources of the 
desired strength could be obtained from it. The aluminum foil on 
which the source is deposited is mounted on a metal slide, 17, and com- 
pletely covers the circular opening therein. Thin sheet metal shut- 
ters, not shown, were provided which could be inserted in the slots, S, 
§, one on each side of the foil and close toit. These shutters were 
useful in determining the proper voltage for the counting chambers 
and in making certain that the chambers were working properly. 
Since the chamber walls of both counters were in metallic contact, 
any difference in operating voltages was taken care of by a biasing 
potential applied to one needle. G, G are guard rings connected to 
earth. In operation, the whole counter was inclosed in an air-tight 
copper box filled with dry air at atmospheric pressure. 
| To make certain that as large a proportion as possible of the total 
number of particles emitted by the source would be counted, specially 
sharpened steel points were used. The actual point had such a 


Figure 1.—Diagram of double point counter 


curvature that the active volume, V, as indicated by the shaded 
region in Figure 1, was a cone which at its base was five or six times 
the diameter of the source itself. The diameter of the source was 
about 2 mm. Under these circumstances it can be seen that only 
particles traveling in the plane of the foil will fail to be counted since 
those which diverge even a very small amount from this plane must 
traverse a sufficient section of the active volume to produce a response 
in the counting chamber since a fraction of a millimeter of the path 
of the a-particle falling within the active volume will do this. Careful 
tests were made to insure that the active volume fulfilled the require- 
ments set above. Although it is difficult to estimate what fraction of 
the particles emitted near the plane of the foil will not be counted, it 
seems probable that this can not amount to more than 5 per cent. 
Since it was found simpler to use a single amplifier in connection 
with the registration of the impulses of the counter, the two points 
were connected together and all impulses from both points were fed 
into one recording system. This method of making the record will 
adequately serve to reveal the deviations in question, if they exist; 
for, although by this arrangement the simultaneous emission of the 
particles in opposite directions can not be observed, the failure to 
register these will increase the error of the observations and conse- 
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quently will increase the divergence from a probability distributioy 
In a like manner if, as Powkrowski assumes, there is a great prepon. 
derance of very short intervals some of these particles will fail to by 
recorded if these intervals are less than the resolving power of th 
recording system. On the other hand, this use of a single amplifie 
eliminates all disturbing effects of recoil atoms, should any have suff. 
cient energy to be counted, since the effect of the recoil atom will be 
included simultaneously with that of the a-particle which produced 
it. As a matter of fact, very little if any effect of recoil atoms could 
be detected. This was tested by connecting one counting chamber 
with the amplifier and introducing thin mica screens just in front of 
the aluminum foil separating the two counters. If any recoil radiation 
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Ficure 2.—Vacuum tube amplifier and connections 


were present at all it would be very easily absorbed so that the intro- 
duction of a screen of a few millimeters stopping power should produce 
a decrease in the rate of counting. No such effect was observed. 
The connection of the counter with the three-stage resistance- 
capacity coupled amplifier is shown in Figure 2. The time constants of 
the various stages were chosen to give satisfactory results at fairly 
high counting rates in order to make certain that the ‘resolving 
power”’ of the arrangement was limited only by that of the mechan- 
ical recorder used. In determining the best values for these constants 
it was found that the final choice could best be made by actual trial 
in the amplifier in agreement with the experience of Frinz.® In fact, 
the chief difference between this amplifier and that used by Franz is 
the use of a blocking condenser in the input stage. In order to elimi 


5 Friinz, H., Z. 8. fir Phys., vol. 63, p. 373, 1930. 
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| curlss] Fluctuations in Emission of a-Particles 


F nate difficulties which are common with mechanical relays, a thyra- 
I tron, connected as shown, was used to amplify the output sufficiently 
to give sharp powerful action in the mechanical recorder. 


The mechanical recorder was of special construction shown in 
Figure 3, designed to reduce the inertia of moving parts as much as 


| possible and to be suitable for use with a thyratron. A thin iron arm- 
' ature, A, is pivoted so that it may be drawn downward by the electro- 
| magnet, E. The spring, S, which holds the armature up against the 
' support for the contact buttons is mounted in such a way that its 
' tension can be adjusted. A thin phosphor bronze spring, P, carrying 
' an intermediate contact button is mounted as shown, in electrical 
' contact with the support carrying the fixed contact. This spring and 
' intermediate contact is required because provision must be made to 
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FiaureE 3.—Diagram of mechanical recorder 

















interrupt the plate circuit of the thyratron to reset it for the next signal. 
However, the break can not be made at the instant the armature 
starts downward, as would occur if the fixed contact alone were used, 
since then the action would be too feeble. By means of the interme- 
diate contact the plate circuit can be interrupted at different points 
on the down stroke of the armature depending on the position of the 
adjusting screw which regulates the position of P. The wires protrud- 
ing through the hard rubber base, B, are connected, one to the plate 
of the thyratron, and the other to the positive terminal of the thyra- 
tron plate battery, as shown in Figure 2. The outer end of the arma- 
ture, A, carries a short metal tube, D, about 0.5 mm diameter. This 
serves as a dotting pen and is connected with a stationary ink reservoir 
by a fine rubber tube. When the armature is pulled down the pen 
makes a dot on the paper ribbon, R, moving at right angles to the 
plane of the figure in the trough shown in cross section at 7. Another 
similar dotting pen records time signals. 
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a pie This deviceis capable of recording sip. 
nals at the rate of more than 100 per sq. 
a, - ond. An example of a record is show 
in Figure 4. The upper record is mac 
from the 60 cycle a. c. supply and the 
lower is part of a record where a-parti. 
cles are being recorded at an averag 
rate of about 300 per minute. The tim 
dots, in this case at one second intervals 
also appear on each record. It was 
found convenient to use records made 
from the 60 cycle supply in adjusting the 
recorder. When careful adjustments 
were not made and tested in this way it 
was found that the recording system 
missed a considerable number of the 
signals. Records of a-particles made 
under such circumstances showed wide 
deviations from random distributions, 
always of a subnormal character. 


III. EXPERIMENTAL RESULTS 


Since special emphasis has been put 
upon very weak sources by Pokrowski 
and also upon sources which have been 
prepared for some time, the final set of 
observations were made on two sources 
which had been prepared for several 
months and which gave a total of less 
than 100 particles per minute as record- 
ed by the apparatus here described. 
Such a preparation seems to fall within 
the range of Pokrowski’s experiments, at 
least as regards order of magnitude. It 
can be estimated that one a-particle per 
second in a solid angle of 4 x from a po- 
lonium source equals approximately 
2107" curies.* Since the area of both 
faces of the source is about 8 mm’ this 
gives for the sources used approximately 
2.5 X 10-” curie/mm* as compared with 
the concentration given by Pokrowski 
(Z. S. fiir Phys., vol. 58, p. 706,1929) of 
“about 107" gm/mm?.” Of the records 
made, the longest contained about 
40,000 particles and the shortest 7,000. 
The longer records were made at an av- 
: erage rate of about 100 per minute s0 
E |_| that no set of observations required 

more than seven hours. Therefore, no 
correction was made for the natural rate of decay of the polonium 
source since for this period it is negligible. 


AE) | See PEEL TT TASS 
a particles | 
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FicurE 4.—Typical records made with recording system 

















§ Gregoire, C. R., vol. 193, p. 42, 1931. 
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The resolving power of the apparatus was estimated at 1/100 
second. This was deduced from its performance, as shown in Figure 
4,in counting 60 cycle pulses. For this resolution the accuracy for 
an average counting rate at 1 per second is 99 per cent. For a 
counting rate of 5 per second, it is 95 per cent. Another factor 
which, of course, must be considered in comparing the results with 
those required by probability is the number of particles included in a 
record. For this reason those records which have fewer particles 
may be expected to show greater variations than the longer records. 
However, as will be seen, even the shortest records give reasonable 
agreement with probability distributions it is assumed that all 
records contain a sufficient number of particles to justify a com- 
parison with a random distribution. 

The comparison of the results with those to be expected according 

to probability was made by computing the Lexis divergence coeffi- 

cient, Q?, as explained elsewhere.’ For a normal distribution Q?=1. 
For a supernormal distribution, such as Pokrowski found, where the 
' number of intervals differing considerably from the mean interval are 
‘in excess, Q*>1. The results are tabulated in Table 1 where 2, is 
the total number of equal intervals for which a@ particles were counted; 
zis number of particles in an interval, hence 22l, is the total number 
of particles counted. 2z2*l, and m, the average number of particles 
per interval, are used in the expression for obtaining Q? 
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October 22 | 25,306 | 195, 204 
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October 30 | 3,851 | 31,981 | 309, 969 
October 31 | | 20,524 | 208, 400 | 
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A test of whether a set of Q? shows a genuine departure from the 
values to be expected is given by Bortkiewicz.* This test consists of 
Comp aCEAS the mean value of the Q? with mean error of the Q defined 
by 


MAPS) =1)ry/ S.MQ) 





"Curtiss, L. F., B. 8. Jour. Research, vol. 4 (RP166), p. 595, 1930. . - 
‘vy. Bortkiewicz, L., Die Radioaktive Strahhlung als Gegenstand wahrscheinlichkeitstheoretischer 
Untersuchungen, Julius Springer, Berlin, 1913. 
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where v equals the number of sets of observations from which th 

‘4 3 * , 3 2 + 
values of Q; (;=1, 2-..-v) where determined and M?(0,)= ys 


° J 
where L,=total number of particles counted for that set of observa. 
tions. Table 2 contains quantities required to determine the meay 
error for the observations recorded in Table 1. 




















TABLE 2 

Q? m L M?2(Q’) 

pI] 
0. 828 5.411 | 26,653 0. 000406 
982 5.490 | 39,307 . 000302 
1.014 4.470 | 16,242 . 000612 
1.110 5.840 | 11,972 . 001060 
1. 052 5.467 | 12,213 . 000985 
1. 033 4.125 | 8,155 . 001134 
| .912 4.943 | 7,281 . 001495 
| 940 5.428 | 22,902 . 000531 
. 982 5.400 | 22,873 . 000516 
| 978 6.739 | 25,306 . 000572 
1.002 | 8.221 | 34,863 . 000500 
1. 098 7.774 | 26,423 - 000627 
1. 038 8.348 | 31,981 . 000553 
1. 004 9.150 | 20,524 . 000940 

v 2 | oe 2 
| Z; (Q)=14.063 |_-_____- _._-| By M2(0') =. 010233 
Cs 1 i 
} ———E peeininsuntnamanninnnntaienan 


Inserting the numerical values in the expression for the mean error 
'° awe / 
I/yyj 33 ,M2(Q)) “1/14-4/ 0.010233 - 0.00721 
1 


The average value of Q?= eS = 1.004 so that the deviation of the 
average from the expected value of unity is 0.004. This is approxi- 
mately one-half the mean error (0.00721) just computed. We can 
conclude, therefore, that the variations exhibited by the Q? fall well 
within those permitted theoretically and the deviations of the @ 
from unity are to be regarded as accidental and not systematic. 

In view of the foregoing there seems to be little room to doubt that 
laws of probability are accurately followed even in the low concentra- 
tions of active material which are dealt with here. It thus seems 
logical to conclude that probability laws apply over an enormous 
range of concentrations, roughly, from 107* to 10-” gm/mm:, since the 
accuracy with which concentrated preparations conform to an expo- 
nential rate of decay verifies the application of probability laws in 
their case. Consequently, in view of the fact that these laws hold 
for concentrations varying by a factor of about 1,000 million, leaves 
little room to doubt that they would apply for any concentration 
which we are able to measure or observe. 

The writer wishes to acknowledge the help of Miss C. L. Torrey 
and L. L. Stockman and B. W. Brown in making and counting records 
and in the computation of the numerical results. 


WASHINGTON, January 18, 1932. 
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GASES OBTAINED FROM COMMERCIAL FELDSPARS 
HEATED IN VACUO 


By G. R. Shelton and H. H. Holscher ' 


ABSTRACT 


This paper constitutes a preliminary report of an investigation to determine 
‘quantitatively the gases obtained by heating a feldspar in vacuo. Nineteen 
‘samples representative of the ground commercial material, such as is used in the 
‘ceramic industry, were tested. At 1,000° C. the gases consisted, by weight, of 
32 to 96 per cent water vapor, 0 to 59 per cent acid gases, and 0 to 36 per cent 
unabsorbed gases. Calculated to volume relations a unit of feldspar when heated 
to 1,000° C. would evolve (extremes for the 19 samples) 16 to 140 volumes of 
‘water vapor and 0 to 15 volumes of acid gases (assumed to be CO,) measured at 
F 1,000° C. 
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I. INTRODUCTION 


This paper constitutes a preliminary report on an investigation 
which has for its purpose the determination of the nature and quan- 
| tity of gases obtained from a number of typical ground commercial 
| feldspar when heated in a vacuum. 

There is a possibility that gases derived from such feldspars or the 
minerals normally associated with commercial feldspars during the 
firmg process may affect some of the physical properties of bodies and 
glazes in which feldspar is one of the principal ingredients; for exam- 
ple, the minute gas bubbles in dental porcelain of high feldspar con- 
tent might be expected to originate from the gas evolved from the 
feldspar or associated minerals. 

Various investigators have analyzed the gases obtained from lavas 
| and rocks when heated in vacuo. Shepherd? found water vapor to 
be the most important constituent of gases yielded by these materials. 
Chamberlain * lists over 100 analyses of gases extracted from rocks and 
minerals and gives a complete review of the subject up to the time of 
his publication. 





' Cooperative fellow, Bureau of Standards and Engineering Experiment Station of Ohio State University. 

rE, 8. Shepherd, The Analysis of Gases Obtained from Volcanoes and from Rocks, J. Geol., vol. 33, p. 289, 
1925, E. 8. Shepherd and H. E. Merwin, J. Geol., vol. 35, p. 97, 1927. 

*R. T, Chamberlain, Gases in Rocks, Carnegie Institute of Washington, Publication No. 106, 1908. 
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II. MATERIALS 





The 19 feldspar samples investigated were portions of the san 
ground commercial samples previously studied at the Bureay ¢ 
Standards, on which fairly comprehensive data have been published: 
It must be noted that the feldspars are not pure minerals, but tha 
they contain other minerals, such as quartz, hornblende, biotite 
muscovite, and calcite in varying quantities as indicated by Insley, | 


III. METHOD 


A discussion of gravimetric methods for the determination of gasg 
at low pressures is given by Jordan, Swindells, and Eckman.’ As, 
result of their work on the efficiency of gas absorbents at rather loy 
pressures solid reagents were found to be most suitable. Conse. 
quently, in the present investigation phosphours pentoxide was used 
for the absorption of water vapor and ascarite for acid gases. Provision 
was made for the oxidation of hydrogen and carbon monoxide by pass. 
ing the gases over heated copper oxide. The water vapor and carbon 
dioxide formed were then absorbed by phosphorus pentoxide and 
ascarite, respectively. 

IV. APPARATUS 


The apparatus used in this investigation was developed at the 
Bureau of Standards for the analysis of gases obtained from metals 
by fusion in vacuo.’ Its essential parts consisted of a method for 
circulating and absorbing the gases, which is completely described 
by Vacher and Jordan, and of a furnace for heating the specimen 
in vacuo, 

The furnace was of the usual platinum-resistance type, having an 


auxiliary heater.” The vacuum chamber (fig. 1) consisted of a fused J 5} 
silica tube, 1 inch inside diameter and 12 inches long, closed at the J py 
bottom. The open end of this tube, projecting from the furnace, J ,; 
was fitted with a water-jacketed brass tube, the joint between the I , 
two tubes being sealed with picein cement. The brass tube was 


joined to the glass system of the apparatus, picein cement being 
used to seal this joint also. Additional cooling of the end of the 
tube projecting from the furnace was obtained by means of a cooling 
coil attached to the container with zinc cement. This cement was 
made by moistening with sodium silicate solution a 1 to 1 mixture 
of powdered and granular (20 to 30 mesh) metallic zinc. The mixture 
was dried first at room temperature and finally at about 150° C. 
Furnace temperatures were determined by means of a platinum 
to platinum-rhodium thermocouple, permanently mounted inside the 
furnace, so that it touched the outside of the vacuum chamber. Fre 
quent comparisons of this couple with a standard couple were made. 








‘HH. Insley, J. Am. Cer. Soc., vol. 10 (9), p. 651, 1927. R, F. Geller and A. S. Creamer, J Am. Cir. Soc, 
vol., 14 (1), p. 30, 1931. 

5 L. Jordan and F. E. Swindells, Cases in Metals: I. BS. Sci. Paper No. 457, 1922. L. Gordan and J, B. 
Eckman, Gases in Metals, II. B. 8. Sci. Paper No. 514, 1925; III. B. 8. Sci. Paper No. 563, 1927. 

*H. C. Vacher and Louis Jordan, The Determination of Oxygen and Nitrogen in Irons gnd Steels by 
the Vacuum-Fusion Method, B. S. Jour. Research, vol. 7 (2), p. 375, August, 1931. j 

7 25 feet of 25-gage platinum wire were wound, 12 turns to the inch, on the inner refractory tube 2 inches 
in diameter. Coaxial with this tube was one 4 inches in diameter wound with nichrome ribbon, which 
constituted the auxiliary heater. The space between the tubes was filled with AlzOs, and the larger tube 
was insulated with diatomaceous earth. Asbestos boards at top and bottom of the metal cylinder held 
the tubes in place. 
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V. PROCEDURE 


Before each test was made on a feldspar sample, the vacuum 
chamber was heated to 1,000° C. and allowed to cool,to room tem- 
Pperature, with the pressure 
in the entire system reduced 
ito 1 mm or less. 

Approximately 10 g* of 
feldspar, previously dried at 
'105° to 110° C., were placed 
in a weighed fused silica test 
‘tube and then put into the 
Fvacuum chamber, which in 
‘turn was lowered into the 
furnace. The brass tube 
Iwas sealed to the container 
and the glass welded to the 
analytical train as already 
explained. The ascarite and 
phosphorus pentoxide tubes 
i were filled,® connected to the 
apparatus and evacuated to 
about 2mm pressure. The 
Fevacuated tubes were then 
removed and weighed, the 
lubricant having been re- 
moved from the tips of the 
side arms with ether. Trials 
indicated that constant 
weight of the tubes was 
obtained after ‘repeated ‘lu- 
bricating and cleaning ofthe 
side arms. The weighed 
evacuated tubes were again 
connected to the apparatus, 
and the glass system evacu- 
ated to2 mmorless. Before 
}proceeding further, tests 
were made for leaks.° Pres- 
sure was read on the McLeod 
gauge, which was then’shut 
off from the system and the 
ascarite tube was closed. 
The stopcocks were adjusted 


so that the gases were forced 
to ¢l } A, pyrex tubing leading to glass system; B, picein cement; 
h circulate th rough the C, water-jacketed brass tube; D, water inlet and outlet; 
D osphorus pentoxide tube. E, picein very Bet aay collar bios we py ge Hf 
J zinc cement; J, fu silica vacuum chamber; J, fused silica 

The furnace was then heated test tube with feldspar sample K. 
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Figure 1.—Sample container 





= Preliminary tests indicated that sufficient gas could be obtained from a 10 g sample of feldspar to give 
checks within the limits of error of the method employed. 
,,,/sscarite will lose water slowly if kept for a long time in an evacuated system. Although not done in 
th study, it is advisable to pack small amounts of P:0s on each side of the ascarite. 

"A high-frequency violet mg machine was used in testing for leaks. The terminals were held on opposite 
Sides of the tube or stopcock being tested. The path of the spark between the terminals always passed 
‘urough the leak, making its location a simple matter. 
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to 1,000° C. according to the heating schedule shown in Figyy 
2. This temperature was held constant for 30 minutes, and th 
heating current turned off. During this period and for 30 minut, 
after the heating current was turned off, the gases from the feldspy 
were circulated through the phosphorus pentoxide tube." Ty 
tube was then closed and the ascarite tube opened, causing thy 
gases to circulate through the latter. Pressure readings were ma 
at intervals of about 15 minutes, lower pressures indicating th: 
continued absorption of gases in the tube. After the pressure haj 
become constant, the ascarite tube was also closed, and both tube 
removed, cleaned, and weighed. The furnace was allowed to co 
overnight, dry air was admitted, the test tube containing the samp 
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Ficure 2.—Heating schedule of feldspars 


A, ascarite tube closed; B, rheostat setting raised; C, temperature 1,000° held for 30 minutes; 
D, heating current off; EZ, P20s5 tube closed and ascarite tube opened; F, pressure read; G, 
pressure constant, and tubes removed and weighed. 


of feldspar was removed and reweighed. Blank determination 
were made and the data corrected accordingly. Total loss of weight 
on ignition was determined by the usual method of heating a1: 
sample in a crucible over a Fisher burner. 

The procedure was altered as follows when tests were made fot 
carbon monoxide and hydrogen: Water and acid gases were deter 
mined as explained above. The absorption tubes were again connected 
to the system, the adjoining part of which was then evacuated. The 
gases in the remainder of the system were passed through a U tube 
filled with copper oxide heated to 300° C. in order to oxidize hydrogel 
to water and carbon monoxide to carbon dioxide. Any water vap0t 
formed would be absorbed in the PO; tube and carbon dioxide by the 





1! Tests indicated that this procedure was necessary to avoid condensation of water in the glass systen 
connected with the furnace. If water were permitted to condense, a much longer time was required ! 
its absorption by the P30s. 
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ascarite. The circulation of gases was continued until pressure 
readings became constant. From the weighed amounts of CO, 
and H.O thus obtained, the quantities of CO and H; originally present 
in the gases could be calculated. A correction was made for the gas 
inevitably lost when the absorption tubes were disconnected from the 
system and weighed, before oxidation of CO and Hy, was begun. 
Knowing the volume of the entire system and also the volume of the 
system adjoining the absorption tubes (between stopcocks 2, 3, and 
5) it was possible to calculate the gas lost and its percentage of 
CO and Hi. 


VI. EXPERIMENTAL DATA 
1. RESULTS AT 1,000° C. 
The results obtained from the various feldspars, using the heating 


| schedule shown in Figure 2, are given in Table 1. Duplicate deter- 
'minations, reported in many cases, indicate the precision to be 
‘expected. The anyalytical data have been*corrected according to 
' the blank determinations given at the beginning of the table. In- 


spection of this table indicates that good agreement was, in general, 
obtained between the analytical data and total loss on ignition. 
This indicates that the amount of gases evolved by feldspars at 1,000° 
C. in a vacuum is no greater than ignition loss, the slight difference 
probably being due to unavoidable errors. In every case except 
one (feldspar No. 12, first determination) the total gain in weight 
of the two absorption tubes is less than the loss in weight of the sample 
heated in the furnace. This may indicate the presence of gases other 
than those absorbed, or it may be due to experimental errors. The 
amount of the gaseous constituents, expressed as percentage of the 
total gas, vain as follows: Water vapor 32 to 96, acid gases 0 to 
59, and other gases 0 to 36. Water vapor constituted more than 50 
per cent of the absorbed gases obtained from every feldspar studied 
with the exception of Nos. 2 and 5. 


TABLE 1.—Gases evolved by 19 typical ground feldspars 
[Results of determinations at 1,000° C.] 





. ; _ : 

| : Composition by weight 
| Gain in weight ne of evolved gases 
—— Pring Loss of | Differ- 
; | weight | S#™ple| ence? , | 
Ascarite) P20. 8 Acid | water | Other 
| tube | tube | gases “| gases 


| 





Feldspar No.! 





| Per cent| Per cent| Per cent|Per cent| Per cent|Per cent| Per cent\Per cent| Per cent 
be Sh lies peetieentlsadoal . 0.016 | 0.018} 0.026 | 0.008 
H if .00 19 .19 -23 - 04 . ee eee ee 
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pba Sinreosesuce -01 . 21 - 24 - 03 
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ihdeachsllade ues ‘ Bi See a 47 | .86 | .00 i iecssennsteaddhtelteietse.. 
‘oo | ‘41 48 | 107 Yt Oe eas VR 
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' The sample numbers used are the same as those used by Geller and Creamer, Investigation of Feldspar 
and Its Effect in Pottery Bodies, J. Am. Cer. Soc., vol. 14, No. 1, January, 1931. 
Includes nonabsorbed gases and any material which may volatilize in the crucible, but condense before 
Teaching the analytical train. 
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TABLE 1.—Gases evolved by 19 typical ground feldspars—Continued 
[Results of determinations at 1,000° C.] 





























































































































| | 
F | Composition b rel 
7 / Y weight 
Gain in weight | | of evolved ae 
| Total | + oss of | Differ- | 088,00} 
Feldspar No. _—ée afar «of | igni- |— ———_— 
‘ weight | S@™ple| ence | tinn | . 
Ascarite| P20, | ¥°'8 | | | Acid | water | Othe 
tube | tube | | | gases OUOF | ses 
a” Cie | See, aga 
Per cent| Per cent) Per cent) Per cent| Per cent| Per cent| Per cent| Per cent| Per cen 
. { 0.21 0.39 | 0.60 | A BLY | a Manne ete, Persie rhe 
i aie a a eae | Oe 45 -65 | .70 | .05 | 064 waigemnseetn 22 cee, T 
pecans ean 
Average............... 20 42 62 | .70 | .08 |........ 29 60! 4 
: 2 | .20 | 145 | Mo kcnQh | MB Lsceseededesnrosl.. 
a a 22 .19 .41 50 | .09 ORE: emia wee: 
Average.....-...-..... 24 20 | .43 | .48 | .05 | .54] 49 “al; 4 
[4 | | 8 | -@| | -@ [ofl 
Oc cds eater. al . 03 33 36 . 48 .12 7 i Penal ree Pepa 
| ‘02 a5 | .37 Te ee) ee | 
SII i vnghtosbins 03 | .33 | .36 | .45 | .09 48 7] 7%) o 
7 { .04 84 | .88 | .46 | 08 | 46 [o2. ve he 
sas ir apamings- geile Gee a iL -02 0 |°.48 | .&7 . 05 a eee al ii ie, ite 
id ee 03 37 | 40 | 47 - 07 47 6 79 I§ 
\{ .18 | et | eee ee OE |cccctaiytte ads ¥ 
8 \} .19 25 | .44 70 . 26 yg aie lg Rll hal a 
Wo tnenatennn nn nenennne nen nn- ) 238 29 | :47 | .71 | :24 2 | Boise 
| .18 % | .46 | .72 . 26 ey ee Be ells 
ro Ce a ee | 148 a3 | .44 | «71.4.8 66 26 38 
{——— —_——SE_—O_———— SS O = — 
oR ies TERE TE TR | .03 19 . es 04 . 83 12 7 
NE CS Sa Sel een | .07 33 .40 | .42 . 02 47 16 79 
2 SS AA aS | .06 Bo FT 2 . 00 25 25 75 0 
12 i 08 | .12 | .15 | .18 |-0.02 AS 4, . echt. ee ee 
Sah hep: Sealgnee jt -01 | -14 | «15 | «17 . 02 » 20 }.-------|--------|---2--- 
ee | .03 | ..18 | .15 «15 . 00 19 13 87 
lj .o2 | .20 | .22 | .2 | .07 } re re 
WB pvasupiiuicoxabanancee oben .01 22 23 . 28 . 05 yg BE eels a 
01 . 20 21 . 26 . 05 B0i20195. CS. 053, 
es | 01 | 21 22 23 - 06 29 4 | 75 
| EE et TT. | or | .2% | «27 30 | .03 28 3| 87 
AD nae atone whccanesnicasomcacus | .02 [0 1 stl . 23 . 02 24 | 9 82 
2 RI ET TEER: | .00 . 24 . 24 i . 03 31 0 89 
17 lf .00 | .94 | .94 98 . 04 95 | 0; % 
i phakic aber einen rie  aeiae: ee ee es ee he ae ee eee ee a |) eee eee eee 
taht Catt sated: FOES | 08 15 .2B . 26 | 03 29 31 | 58 
Manes teed kl aR ee PRE | .Ol 18). 218 .21 02 21 | 5| 85 
| 1 





The presence of such minerals as muscovite, pyrite, and calcite in 
the commercial feldspars * may account for some of the variations 
noted in the analyses of gases obtained from them. For instance 
the high percentage of acid gases in feldspar No. 5 was undoubtedly 
due in part to carbon dioxide derived from calcite found in this 
sample by microscopic examination. 


2. LOSS ON IGNITION BASIS FOR CALCULATING KAOLINITE 


Since the gas obtained by heating a feldspar is a mixture and not 
pure water vapor, the loss on ignition of a feldspar should not be used 
in calculating its kaolinite content, except where approximate results 


12 See footnote 4, p. 348, 
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Holscher. 


only are desired. Otherwise too high a percentage of kaolinite would 


be indicated. 
oe 3. EFFECTS OF TEMPERATURE 


ees A study was made of the amounts of water vapor and acid gases 
7m obtained from feldspars when the temperature to which they are 
Othe HA heated is gradually increased. A preliminary investigation was made 
to determine the loss on ignition of four feldspars, Nos. 1, 4, 15, and 
19. Gram samples were heated at 105°, 200°, 300°, 400°, 500°, 600°, 
— and 750° C. in a Hoskins muffle furnace. The temperature was held 
—~ BB constant for a period of three days when the sample was removed, 
cooled in a dessicator, and weighed. The furnace temperature having 
been increased by 100° C., the sample was returned and allowed to 
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Fiaure\3.—Rate of loss on ignition of four feldspars at 
various temperatures 


remain at the higher temperature for a second period of three days. 
The results are given in Table 2 and are also shown in the form of 
tions WE UVES in Figure 3. 
inal Feldspar No. 5 was selected for vacuum treatment at various tem- 
tedly (e Dctatures, since in’previous tests it was found to yield a large amount 
" @ of acid gases. (See Table 1.) Following the procedure described in 
Section V, the’sample was heated to 400° C. and then the increase in 
weight of the absorption tubes and the decrease in weight of the sam- 
. ® plein the vacuum furnace were determined. The sample was returned 
to the furnace and a similar determination made at 500° C., the process 
d not # being repeated at 100° intervals up to 1,000° C. The results are 
used #@ given in Table 3 and plotted as curves in Figure 4. Water vapor is 
sults the chief constituent of the gas obtained at 400° C., the quantity 
— @ teaching a maximum between 800° and 900° C. The evolution of 
acid gases starts between 400° and 500° C., becomes most rapid at 
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about 700° C., and is practically completed at 800°C. Small amounts 
of gases other than water vapor and acid gases were indicated as oy 
as 600° C. Since all the weight of experimental errors falls on the 
determination of these unabsorbed gases, the values obtained for 
them should not be overemphasized. 
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Fiaure 4.—Gases obtained from feldspar No. 6 at various 
temperatures 


TaBLE 2.—Rate of loss on ignition of four feldspars headed in air 


(Time of heating: three days at each temperature) 


Loss in weight of feldspar 


Temperature (° C.) oo a ee ee 





No.1 | No.4 No. 15 | No. 
> aa 
Per cent | Per cent | Per cent Per cent 
105 0. 08 0. 09 | 0. 04 | 0), OF 
200 ' i 18 | 16 | . 09 | 
300. : a 18 | . 22 13 | 
400 . 22 41 18 | 
500... a . 25 | . 50 | .21 | 
600. . : . . 28 . 66 | . 22 | 
750... . . 28 .70 | . 29 | 
Loss between 105-750. -...--- ‘ ‘ - 20 | -61 | . 25 | 
Loss on ignition !.....- ee preeed weete-a--secse} 27 | - 64 | . 24 





1 Of sample dried at 105-110° C. Table 1. 


TABLE 3.—Gases evolved from feldspar 5 at various temperatures 


n ° ’ 
Temperature (° C.) gases sample ence ignition 





Acid | Water | Total Loss of | Differ- | Loss on 


| 
} 
Per cent!) Per cent} | Per cent\| Per cent1| Per cent \| Per cent! 
x 0. 00 0.09 0, 00 |. 
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_ SRS ee er ae ee - 20 | .19 | . 39 42 | » OB |... 
900... 21 | .21 42 45 | OB Jeaaee 
Rie NAB 20 | 21 | Al 48 | 07 
| | | 
1 Accumulative per cent. 


[Vol.§ 


UNts 
low 
| the 
| for 


'r cent 


SS ON 
nition 


r cent! 





j staton ] Gases from Feldspar 355 


: Hoischer 


4. FLINT AND MICA 


Flint and mica being the two most common impurities in com- 


F mercial feldspar used in the ceramic industries, a determination of 
' the gas obtained from each was made by using the same procedure 
Femployed in case of the feldspars. The flint was a commercially 
F cround quartz sand, and the mica was also a ground commercial 
S product. The mica was of coarser grain than the feldspar. 


The results of these tests are given in Table 4. Water was the only 


' cas obtained from the flint, but both water and acid gases were 
Seyolved by the mica. In analyzing gases obtained from feldspars 
' the results would not be seriously affected by the acid gases derived 
‘from the small amounts (less than 4 per cent) of mica present. 


' TasLeE 4.—Results obtained when using copper oxide to determine CO and Hz at 


1,000° C. 


Sample No. 


| Acid Water} co | BH Total Lose of | Dister Loss on 
| 


| gases tent the euce | ignition 


| 
Per cent Pe, cent *, cent\Per cent Per cent|Per cent! Per cent} Per cent 
0. = 0, 00 0 0. 41 0. 57 





4 0 
0 
> | 0 
| 0 
a 0 
1 Sample dusted out of small container ruin to too rapid evacuation and ental could not be wuluied. 


5. MINOR GAS CONSTITUENTS 


Hydrogen was not detected and carbon monoxide was indicated in 


‘only one sample (No. 8 in Table 4). It is not to be supposed from 
' the evidence available that the carbon monoxide came from the feld- 


spar itself or that the presence of an inclusion which might be the 


‘source of this gas has been established. Refinements of the method 
' will be required in order to determine such gases as hydrogen sulfide, 
sulfur dioxide and nitrogen, should they be present. 


6. VOLUME RELATIONS OF GASES 


The volume of gases obtained from unit volume of the feldspars 


| was calculated from the gravimetric data. The calculations involved 
| the assumption that water vapor acted as a perfect gas at a tempera- 


ture above 400° C. and that the acid gases were composed entirely of 


} carbon dioxide. The resulting values, necessarily approximate, are 
given in Table 5. The following are the extremes at 1 000° C. for the 









19 feldspars: One milliliter would yidld from 16 to 140 ml of water 
vapor and from 0 to 15 ml of acid gases (as CO.) measured at 1,000° C. 
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TaBLeE 5.—Volume of gases evolved at different temperatures from feldspar No, ; 


[Time of heating, one-half hour at each temperature; size of sample, 10 g; volume of gas, calculated y 
maximum temperature of each range : 





Temperature range (°C.) 














2 Evolution of CO and H30 continues at least up to 1,200° C, 


VII. SUMMARY AND CONCLUSIONS 


The amounts of water vapor and acid gases were determined in 14 
samples of ground commercial feldspars when heated in vacuo at 1 
series of temperatures increasing in steps of 100° from 400° to 1,000°C. 
The quantities of carbon monoxide and hydrogen were determined 
in some of these samples. A study also was made of the gases ob- 
tained on heating two of these feldspars from 400° to 1,200° C., in 
steps of 100° C. 

Water vapor began to come off as soon as the samples were heated 
above the drying temperature; the maximum amount was obtained 
between 800° and 900° C. The evolution of acid gases started at 
about 500° C., the speed of evolution increasing rapidly between 600° 
and 900°C. Nohydrogen and only small quantities of carbon monox- 
ide were found. 

At 1,000° C. the gases were found to consist by weight of 32 to 96 
per cent water vapor, of 0 to 59 per cent acid gases, and of 0 to 36 
per cent unabsorbed gases. Volume calculations indicated that 1 ml 
of feldspar would yield 16 to 40 ml of water vapor and 0 to 15 ml of 
acid gases (calculated as CO,) measured at 1,000° C. 
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tue [i EXPERIMENTS ON THE EMISSION AND ABSORPTION 
— OF RADIATION BY METALLIC SILVER 


By F. L. Mohler 


ABSTRACT 


—— 7% The emission spectrum of silver bombarded by electrons is characterized by 
‘1 Zi « high intensity from the visible to 3,600 A, with a decrease to a very low value 
beyond 3,200 A. 

The spectrum emitted by silver bombarded by 100-volt electrons in high 
vacuum is similar to the emission of a silver probe surface at a low positive 
potential in a cesium discharge. 

- Probe emission spectra at different temperatures have been compared and a 
small effect found which may or may not be a pure temperature effect. The 
; | slope between 3,600 A and 3,200 A becomes slightly less with a shift toward 
a 19 longer wave length with increasing temperature. 
at a The absorption of a silvered quartz plate has been measured at temperatures 
me between 20° and 490° K. There is a large increase in absorption with increasing 
ined temperature limited to the range 3,350 to 2,950 A witha maximum effect at 3,100 A. 
The effect is a decrease in slope of the violet edge of the selective transmission 
ob- band with increasing temperature. 




















..11 #® The results are contrary to a theory proposed by Boeckner and the author. 
' The observed change in emission is less and in absorption much greater than 
sted the predicted effect. 
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l of I, INTRODUCTION 


In two recent papers ' Boeckner and the author describe the contin- 

uous spectra emitted by metal surfaces bombarded by low-speed 
‘electrons. For most metals the radiation is a nearly equal energy 

ee. Me spectrum of comparable intensity, but silver and copper show rela- 
or.  “vely intense characteristic emission bands. The silver band begins 
ent Me “car 3,200 A, rises to a maximum near 3,600 A, and drops gradually 
iso (| “ith increasing wave length. The copper emission increases in the 
ent Me tc. The abrupt increase comes at the points where the absorption 
and reflection of the metals suddenly increase. Thus, internal reflec- 

tion and absorption tend to diminish the observed emission, and in 
paper No. 371 we have applied a correction for internal reflection by 
dividing observed intensities by 1—R, where R is the reflection 
coefficient for normal incidence. The use of this reflection correc- 

ion may be open to question, but for want of anything better I have 





‘Mohler and Boeckner, B. 8. Jour. Research, vol. 6 (RP297), p. 673, 1931; and vol. 7 (RP371), p. 751, 


\%31. The second paper will subsequently be referred to as paper No. 371. 
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continued to use it. Figure 1 is taken from paper No. 371, and jt 
shows the emission intensity distribution and the absorption curves 
for silver and copper. The edge of the silver band was shown to by 
exactly the form of the Fermi Sommerfeld distribution in energy {o 
conduction electrons with an assumed temperature of 370° C., which 
is a reasonable value for the probe temperature under operating 
conditions. . 

This agreement suggested the theory that the emission proces 
involves the ionization of a sharply defined underlying level with the 
consequent radiation transition of one of the conduction electrons 
into the ionized shell. This is identical with the process of character. 
istic X-ray emission, and Houston ” has shown that the width of soft 
X-ray lines (Be K « in particular) corresponds closely to the predicted 
range of energy of the conduction electrons. Nevertheless, the theory 
as applied to the visible and near ultra-violet emission of silver is in 
certain aspects radical and extreme. The Fermi Sommerfeld distr. 
bution of energy is derived from an approximation which takes no 
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Figure 1.—IJntensity distribution of silver and copper radiation corrected for 
internal reflection, from paper No. 371 


Absorption coefficients of copper and silver in‘cm=!. 


account of atomic fields in a metal, and Houston’s analysis of X-ray 
line shapes shows that the distribution is better represented by 1 
theory of Bloch* which treats the electrons as moving in atomic 
fields which are greatly perturbed by close packing of the atoms. 
On this view an underlying level, 3.56 volts below the top of the 
continuum of conduction electrons, can not be sharply defined as 
was assumed to explain the silver emission. 

In paper No. 371 it was suggested that the branch of the absorp- 
tion curve extending toward shorter wave lengths came from absorp- 
tion from the sm st level. If the level is appreciably broadened, 
then the violet edge of the emission band and the red edge of the 
absorption band will overlap, so this interpretation is not consistent 
with Bloch’s theory. 

The subject seemed to call for critical examination of the earlier 
work and further experiments to look for a temperature variation of 
the emission and absorption spectra of metallic silver. This paper 
reports three entirely separate experiments carried out for this 
purpose. 





3 Houston, Phys. Rev., vol. 38, p. 1797, 1931. 
* F. Bloch, Phys. Zeits, vol. 32, p. 881, 1931. 
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ll. RADIATION FROM SILVER BOMBARDED BY CATHODE 
1 RAYS IN HIGH VACUUM 


Measurements of the silver emission have been made by observing 
the radiation emitted by a small probe surface at a positive potential 
ina cesium vapor discharge. The cesium discharge has the advan- 
' tage that the radiation renee 4 of the vapor is very small, but the 

probe surface becomes cesiated, and it may be questioned whether 


the radiation from the probe is characteristic of pure silver. 

|The technique of studying radiation of metals bombarded b 

| electrons in high vacuum is being developed by L. S. Taylor, and will 
| be described in detail later. To study silver radiation, I have used 
an oxide-coated platinum strip cathode about 1 mm from the anode, 











l ] L i 
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AINA 
Figure 2.—Emission of silver 





Upper ‘curve with 100-volt electrons in vacuum; lower curve with 7-volt 
electrons in a cesium discharge 


which was a disk of silver 1 cm in diameter. The silver surface was 
viewed almost tangentially and the spectrum of the emitted radiation 
compared with a tungsten strip lamp. It was impossible to avoid 
discoloration of the silver by material distilled or sputtered from the 
cathode, and the silver radiation is doubtless more or less masked by 
impurities. Figure 2 shows the intensity distribution in vacuum at 
100 volts and for comparison the silver radiation observed in a cesium 
discharge at 7 volts. The vacuum intensity measurement is taken 
from a four and one-half hour exposure with a current of 16 ma. 
With this current the anode is maintained at a barely visible red heat, 
certainly less than 600° C. and probably above 550° C. This datum 
will be referred to later. Other spectrograms gave curves qualita- 
tively like the one shown, though the shapes were never identical and 
the surface was always conspicuously contaminated. The important 
fact is that the short wave length edge of the emission band falls in 
the same wave length range (3,200 to 3,600 A) in vacuum as in cesium 
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vapor. In paper No. 371 we include inaccurate measurements of 
silver radiation from a probe in a helium discharge which support th; 
conclusion that cesium does not modify the silver radiation. 


III. EFFECT OF TEMPERATURE ON SILVER EMISSION 


The radiation from a probe surface in a cesium discharge has bee 
used in these experiments with the arrangement of electrodes show 
in paper No. 371 (fig. 1) except that the probe electrode was much 
heavier. A rod 1 cm in diameter was turned down to 3 mm at the 
end and all except this end surface insulated with glass. The ro 
was supported in a side tube of nearly the same diameter and the 
temperature of the side tube was controlled by a separate electri 
heater and measured by an external thermometer. The probe was 
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AINA 
Ficure 3.—Intensity of silver radiation at different temperatures 





1 and 2 from successive exposures at 200° and 390° C.; 3 and 4 from exposures at 210° and 400° C. 
Points Vo, Vi, V2 as defined in the text are indicated on each curve 


designed to secure maximum thermal conductivity and it is probable 
that the temperature change of the exposed surface was about the 
same as that measured by the thermometer while the actual temper- 
ture was somewhat higher (estimated at 50° higher in Table | 
because of heating by ~ penlli bombardment. 

The procedure was to compare exposures at a low temperature ant 
at 200° to 300° above this temperature with conditions otherwis 
kept as constant as possible. However, there was evidence of some 
uncontrolled factor, probably surface contamination of the silve 
which caused the intensity to vary. Positive ion bombardment 0 
the probe reduced the variation, but in general at higher temperature 
the intensity and, the intensity ratio J.(3,700)/J (3,100) were lower 
The temperature variation ofthe optical constants of silyer describe: 


in, the-followimg section does not explain the difference. 


Figure.3 shows two pairs of curves of J(A)/1=R as a. function of) 
The temperature. change, was in each case about 200° C,. Four such 
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its of airs of curves and the two curves of Figure 2 have been analyzed in 
rt the (ee accord with the theory given in paper No. 371. J=(J(A)—J(3,100))/ 
| (1-R) plotted on a voltage scale (the'scale is unimportant for this 
small range) is approximately of the form of a Fermi Sommerfeld 
ON distribution of energy * so we can write: 


been I J =c/(exp x +1) z=e (V—Vp)/kT (1) 


we ¢ is taken as J(3,700)—J(3,100), V is the coordinate and V, the 
m3 coordinate of the point where J=c/2. Values V; and V; of V have 
t the HA been determined for the points where x= +1.5 J=0.182 c and J= 


i a ' 0.82 c. Then if the underlying assumptions are correct, 


ectric i T=11,600 (V;-V2)/3 (2) 


G Was 






















Table 1 summarizes the results. The estimated probe temperature 

is given in column 2 while column 3 gives the temperature computed 

' from V;-V2. “Column 4 gives the mid-point of the curve in Angstroms. 

' The computed temperature does not correspond to the measured 

‘temperature. The difference in computed temperatures between 

| two observations of a pair is always less than the temperature change 

and the computed temperature is, in general, greater than the actual 

| temperature. A shift in wave length of 30 or 40 A toward the red at 

| the higher temperature is shown in each pair of measurements; but, 

' from the method of measuring and computing curves, comparisons 
between different sets of observations are of doubtful significance. 


—, 


TABLE 1.—The change in emission with temperature 
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IV. EFFECT OF TEMPERATURE ON ABSORPTION 
> and 
rwise There have been several papers on the temperature variations in 
some fe the optical properties of silver; all of them qualitative observations 
silve Me Showing a shift in the reflection and absorption minimum toward 
nt of fm longer wave length and an increase in absorption with increasing 
tures Mme ‘emperature.® The following measurements of absorption were made 
wel. 
ribed 





‘Darrow, Phys. Rev. Supplement (Review of Modern Physics), vol. 1, p. 90, 1929. 
é be — . The Effect of Temperature on the Anomalous Reflection of Silver, Proc. Roy. Soc., vol. 107, 
‘ ° 


p. ’ 
; , ‘ eslelgh, oe” Rp Transmission Band of Silver as Affected by Temperature, Proc. Roy. Soc., 
Ol A. 01. 128, p. » 1930. 
h McLennan, Smith, and Wilhelm, The Effect of Low Temperature on the Ultra-violet Transmission 
suc Band of Silver, Phil. Mag. vol. 12, p. 833, 1931. 
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using the usual methods of densitometry to compute the absorptio, 
from spectrograms of the transmitted light. 

The source of light was a hydrogen discharge tube photographed 
end on with a Hilger E, quartz spectrograph. Two kinds of silye 
films were used; silver chemically deposited on a quartz plate, and 
silver evaporated in high vacuum onto the walls of a quartz bulb, 
The second method was tried in the hope that higher temperature 
could be used without injuring the silver when it was in a vacuun, 
but no significant improvement or difference was seen. Both types 
of deposit rapidly deteriorate above 220° C. Measurements above 
room temperature were obtained by placing the plate or bulb in , 
small tube furnace and measuring the change in transmission with 
changing temperature. For the low temperature measurements 
liquid air or hydrogen was contained in a transparent quartz Dewar 
flask and the silvered disk immersed in the liquid. There was 4 
large loss of light by scattering in passing through the flask and 
boiling liquid and measurements were made of the intensity change 
with and without the disk in the path of light. 

Liquid hydrogen rapidly becomes clouded with solid air particle 
unless some precautions are taken. The hydrogen was forced b 
compressed bydrogen from the container into the quartz flask thro 
a filter. With the mouth of the quarts flask stopped with cotton to | 
reduce air circulation, the liquid remained clear for many minutes. 

In the usual notation the transmission of a metal film of thickness 
z is expressed by the equation 


J =J, exp (—4 x nk x/d) 
log Jo—log J= (4 x nk z/d) log e=a 


Here J is the transmitted intensity corrected for loss of light by 
reflection. As the reflection is not known at the temperatures 
used we have omitted the correction, but the error introduced is smal] 
in the range where the temperature change is large. Between 
3,050 and 3,250 it is less than 0.04 in log J—log Jo. Thus the ob- 
served change, 0.78 for the extreme range of temperature must 
measure predominantly a change in nk with temperature. 

Several silver films, both evaporated and chemically deposited, 
were studied between 30° C. and 145° C. and the change in a was 
found to be nearly proprotional to a. Thus at 3,100 A the values of 
a were 0.96, 1.67, and 2.13 and the values of the change in a, divided 
by a at 30°, were 0.161, 0.165, and 0.160. This is consistent with the 
conclusion that the reflection correction is negligible. 

Figure 4 gives measurements on a single sample at room tempers- 
ture, 220° C. and —253° C. Deviations of measurements in liquid 
hydrogen from the mean curve for wave lengths greater than 3,400 
A and less than 2,900 A are probably accidental. All other measure- 
ments indicate that there is no temperature effect outside of the 
range 2,900 to 3,350 A. Within this range the effect is large, giving’ 
sixfold change in intensity at the maximum. The change is nearly 
proportional to the temperature difference. Thus between —253 
and 30° C. the maximum change is 0.00178 per degree and between 
40° C. and 220° C. it is 0.00156 per degree. A film of different 
thickness gave 0.00139 per degree between —180° C. and 145° C. 
which corresponds to 0.00152 per degree for equal thickness. 
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As the change is nearly proportional to the temperature one can 
apply @ small correction to the curve at — 253° C. to derive the form 
of the absorption curve at absolute zero, but the difference (0. 04 at 
the maximum) is scarcely appreciable. 
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Figure 4.—Absorption of a silver film at liquid hydrogen temperature, room 
temperature, and 220° C. 





Inset, the change in absorption, the difference between the lower curve and the other curves. 


In published work interest has centered on the shift in the minimum 
of the absorption curve. The curves of Figure 4 give the following 
values for the minimum: 


20° K., 3,155 A; 300° K., 3,220 A; 490° K,, 3,275 A 


_In Figure 4 we include a plot of the temperature change as a func- 
tion of wave length. Other measurements gave similar ¢urves except 
that the two curves were not coincident at the short waye length side 
s0 this feature of the curves may be accidental. of 
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V. DISCUSSION 





The results do not support the theory proposed in paper No. 37; 
that the selective emission results from the transition of electrons 
from a Fermi distribution into a sharply defined underlying level, 
Measurements of the change in emission with temperature show 
decrease in slope of the edge of the band with increasing temperature 
which is much less than the predicted change and a shift of the edgp 
toward longer wave lengths of about 30 A for a 200° change. There 
is some doubt as to whether these are pure temperature effects or q 
result of surface contamination. In general, the slope is less than js 
predicted by theory. 

The study of the change in absorption with temperature is inade- 
quate and a measurement of the variations of n and k with tempers- 
ture is desirable. Assuming, however, that the observed effect is 4 
measure of the true absorption, the following conclusions can be 
drawn. The absorption of a sharp energy level at absolute zero would 
give a vertical edge and a nearly constant absorption beyond the 
edge. A Fermi distribution at higher temperature would cause the 
absorption to increase on the long wave length side of the edge and 
decrease on the other side by an equal amount. This is not what was 
observed, but it is interesting to note that a modification of this theory 
accounts qualitatively for the absorption observations. 

Assume that the underlying level is not sharply defined, but con- 
tains electrons uniformly distributed over an energy range of a volt 
or more. Then the absorption at absolute zero will not have a vertical 
edge, but a nearly uniform slope, as observed. The result of increasing 
temperature will be to round off the foot of the curve and increase the 
absorption near the foot with no appreciable decrease anywhere if 
the underlying level is wide enough. The change will be a maximum 
at the point where the absorption at 0° K. begins and will drop off 
symmetrically on both sides of the maximum. This corresponds 
closely to the observed variation, but the magnitude of the observed 
change is much larger than the theoretical change. The equations for 
the temperature variation of absorption by a finite band need not be 
given here as their applicability is doubtful. 

It was shown in the introduction that it is reasonable to assume 
that the underlying level is a broad band, but if this is so the violet 
edge of the emission and the red edge of the absorption will overlap 
by an amount equal to the width of the band. Thus the simple pic- 
tures of the absorption and emission processes that I have used are 
clearly inadequate. A theory such as one of Kronig ® which accounts 
for absorption by transitions of electrons from a continuum of normal 
states, but with sharp selection principles governing the transitions 
can remove the apparent contradictions involved in pure energy col- 
siderations. 

I am indebted to F. G. Brickwedde and J. W. Cook of the low ten- 
perature laboratory for their cooperation in the low temperature ex- 
periments and to C. Boeckner for many helpful suggestions. 


WASHINGTON, January 4, 1932. 


6 Kronig, Proc. Roy. Soc., vol. 124, p. 409, 1929. 
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: ACCELERATED WEATHERING TESTS OF SOLDERED AND 


TINNED SHEET COPPER 


By Peter R. Kosting! 


ABSTRACT 


The pitting and furrowing of tinned and soldered sheet copper, which sometimes 
happen when weathered, were duplicated in the laboratory by exposing the 
copper to a humid atmosphere, rich in SO, and CO, at 50° C. or over. The 


progress of corrosion was followed by means of weight losses, tensile and bend 
| tests. Extensive pitting and furrowing occurred only after the tinned and sol- 


dered specimens had been heated to high enough temperatures to cause the 
formation of complex copper-tin alloys. Furrowing reduced the strength of 
soldered joints and impaired markedly the fatigue properties of the copper as 
measured by the number of bends needed for failure. 

Spilt flux may cause pitting of copper, but the pits thus formed occur under 


| deposits of copper salts. A red deposit of cuprous oxide was found under these 


salt deposits if the copper originally was oxidized. 
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I. INTRODUCTION 


The widespread use of copper for roofing purposes has revealed 
that improper manipulation of the material can bring avout premature 
failure of the roof... In most instances the cause of failure is obvious, 
but. occasionally it:is not so,,, These occasionally unexplained failures 
have been the subject.of joint investigation by the Copper and Brass 
Research Asgoeiation and the Bureau of Standards. 





' Researeh-agsooiate.for. Cepper.and Brass Research Association. 
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A typical case is illustrated by a sample of sheet copper which hai 
been in service for 16 to 20 years as a valley (fig. 1) in the roof of , 
residence, and which was sent to the Bureau of Standards for exan. 
ination. Marked furrowing was observed in the copper along the lower 
edge of the solder band at those portions not covered by the shingles, 
No localized corrosion of the copper had occurred along the upper 
edge, except in the areas where the flow of rain water was greatest, 
Pits extending through the solder into the copper had formed along 
the high ridge of the soldered lock seam. Evidence of included fiyy 
was obtained upon sectioning the seam. Cavity D was found to be 
filled with liquid, probably flux; likewise, the underside of the sean 
gave indications that flux had been left in place, although there was 
no evidence of any deep-seated corrosion having songued. 

Inspection of another old copper roof in the same general geograph- 
ical region, which is an industrial one and whose atmosphere is cor. 
rosive, revealed that the copper on the horizontal, vertical, and sloping 
parts of a portion of the roof was badly pitted along soldered seams, 
whereas elsewhere on the same roof there was no evidence of the 
slightest deterioration of the copper at the seams. The examination 
of many roofs in a large city where the number of industrial plants is 
unusually low showed that pitting of the solder is commonplace. 
The copper exposed at the bottom of such pits was observed to be 
bright in some cases, and in others covered with patina. In any 
recess where water could collect along the edge of the soldered seam, or 
at points where water flowed away from the edge of the soldered seam, 
the copper was usually leather brown in color, which was different 
from the predominating color of the sheet. However, furrowing was 
not found. 

When a copper roof is pitted and has an appearance suggestive of 
wormholes penetrating through it, it seems reasonable to assume that 
the roof is of tinned copper. The failure of the tinned copper roof on 
the Library of Congress building in Washington, D. C., has been 
described by Merica (1).' A recent examination made of a specimen 
of tinned copper of thin gage used for the ornamental work showed 4s 
many as 92 pits in an area of a square centimeter after service lasting 
probably more than a quarter of a century. This is a tremendous in- 
crease over that reported before, (1) and is indicative of the influence 
of bending upon the weathering of tinned copper. Another pitted or 
‘“‘worm-eaten”’ roof, supposedly of copper, was found to be of tinned 
copper. The failure of copper roofing by pronounced pitting and 
furrowing seems quite often to be associated with tin or solder and is 
the subject of this investigation. 





























II. PREVIOUS WORK 


It appears that no systematic study has been made of furrowing 
at copper-solder junctions. Merica (1) in his study of the failed 
tinned copper roofing showed that the tin combined with the copper 
to form phases known as e’ and 7 (2) which are cathodic to copper, 
hence, detrimental from the standpoint of corrosion resistance. 
Dafton and Brady (3) have reported that the corroded areas of tinned 
copper pipes are cathodic to copper. lLead-tin solder is considered 





1 The figures given in parentheses here and throughout the text relate to the reference numbers in the 
selected bibliography given at the end of this paper. 
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Figure 1.— Seam corrosion on soldered copper valley. 


Etched copper where flow of rain water was greatest, B, tarnished copper; C, patina covered 
opper where flow of rain water was least; D, hole of seam in which flux was trapped; £, pits 
ending through solder at high ridge of seam; /’, furrow at copper-solder junction 
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as being anodic to copper. However, the current (4) set up due to 
galvanic action has been reported to be small and to decrease with 
ime. 

In a study of the metallurgy of soldered copper Crow (5) showed 
that at temperatures below 300° C. the tin of eutectic solder (63 
per cent Sn : 37 per cent Pb) combined with copper to form the ¢’ 
phase. At temperatures as low as 325° C. the » phase was also formed 
and appeared as a blue band between the copper and e’ layer when 
examined under a microscope. Weiss (6) obtained the 6 bronze 
phase by holding copper in tin at 550° C. for 24 hours, whereas at 
400° C. » was the richest copper phase obtained. 

The etching characteristics of the different copper-tin phases 
have been described by Heycock and Neville (7). Prolonged etch- 
ing must be carried out to differentiate between them. Crow (5), 
Merica (1), and also other investigators have reported difficulty in 
etching. 

III. EXPERIMENTAL WORK 


1. MATERIALS 


Sheet electrolytic copper, 16-ounce gage (nominally 0.0215 inch 
or 0.055 cm thick) and of roofing temper hardness, was used for the 
experiments with solder, which was made from equal parts, by 
weight, of lead and tin. The flux used was made by neutralizing 
hydrochloric acid (specific gravity 1.18) with zine, filtering and 
adding 10 g/l of ammonium chloride. For the work with tinned 
copper, commercially hand-tinned copper, electrotinned copper, and 
block tin were used. Table 1 lists the chemical compositions of 
these materials. The hand-tinned sheets had innumerable fine 
parallel scratches extending their full length. 


TABLE 1.—Chemical composition of materials 





! | { 

Sn 
| | 

Fe | Pb 


| Weight | Average thickness 





—]——— |__| —__ mere 


Mark Material i Cu | Oz 
| 
| 


Per cent \Per cent| Per cent | Per cent |Lbs./100ft.2| cm 
1 | Electrolytic copper !_..- 0. 04 | | 
2 | Hand-tinned copper:? 


Present. 

















' Manufacturer’s analysis. 

? Analyses by American Brass Co. 

* Present but in negligible amount. 

- Not detected. 

7 Solder made from equal parts of lead and tin whose analyses are given. 
Spectroscopic analysis. 


99675—32——4 
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2. APPARATUS 


The accelerated weathering test (8) as used at the Bureau of 
Standards was utilized in the endeavor to duplicate in the laboratory 
the weathering of soldered and tinned copper. Figure 2 shoys 
schematically the apparatus which was a modification of that de. 
scribed in the publication just referred to. An industrial atmosphere 
was simulated by passing a gaseous mixture consisting of 1 per cent 
SO., 5 per cent CO,, 94 per ‘cent air by volume, into “the bottom of 
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FiaurE 2.—Apparatus used in accelerated weathering test 
A, upper and movable part of corrosion tank. F, lower part of corrosion tank. 
B, thermometer G, specimen rack. 
C, thermoregulator. H, rack coupling. 
D, water-sprinkling arrangement. J, water seal, 
E, gas outlet. Ky, gas inlet. 


the corrosion tank, in which there was a layer of 4 inches (10 cm) 
of water maintained at the specified temperature by electric heaters. 
The atmosphere was thereby rendered very humid. The specimens 
were supported on the circular lead-coated aluminum platform, 
which could be rotated. 'The shower was used only in the initia! 
tests. 

Repeated immersion tests were carried out in equipment: ae 
described by Rawdon, Krynitsky, “and Finkeldey - (9,--10).°- Beij’s 
(11) solution of 1 N sodium chloride and 0.6 N sulphurous: ogid was 
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| employed, evaporation losses being made up by additions of a con- 
 centrated sulphurous acid solution containing about 10 g SQ, in 
' 100 g water. The specimens were supported in glass stirrups and 
' were dipped in the solution for about one-half minute every 15 
minutes. 
Salt spray tests were carried out. A 20 per cent solution of sodium 
* chloride was atomized in an alberene box by using air at a pressure 
F of 15 Ibs./in.? (0.01 kg/mm?). 
' Bend tests were made in the machine developed by S. N. Petrenko, 
' of the Bureau of Standards. In this apparatus the specimen was 
bent, while under tension, around a radius approximately twenty 
F times its thickness, first 90° in one direction and then 90° in the 
' reverse direction. ‘The number of reversals to produce failure was 
counted. 
' An Amsler tensile testing machine of 400 pounds (180 kg) capacity 
was used for determining the tensile properties. Tension specimens 
' with 2-inch (5 em) gage length were made in accordance with speci- 
fication E8-27T of the American Society for Testing Materials 
(1930), with the slight modification that the gradual taper from the 
' ends of the reduced section left in the center a length of one-half 
inch whose width was 0.500 inch (1.27 cm). This allowed a little 
| leeway in placing the copper-solder junction in the minimum re- 
' duced section of the test specimen. 


3. EXPERIMENTAL DETAILS 
(a) TINNED COPPER 


Specimens, 10 cm (3.9 inches) square, of copper, tinned copper, 
and tinned copper from an old roof were used in the initial test with 
accelerated weathering. In these and subsequent tests the speci- 
mens were polished, washed, dried in alcohol and in ether, and 
weighed. On some sheets four parallel scratches were made deep 
enough to expose the copper. After being exposed to the corrosive 
atmosphere for five hours at 46° to 50° C., the specimens were show- 
' ered with cold water for one hour. Some specimens were scrubbed 
; with a bristle brush between cycles; others were not. After drying 
| and standing in a desiccator for 18 hours they were weighed before 
| being exposed in the next cycle. 

_ Asecond series of tests was carried out with soft electrolytic copper, 
highly polished electrolytic copper, block tin, hand-tinned copper, 
and electrotinned copper having nominally 1 pound and 2 pounds 
tin per 100 square feet or 0.00026 inch (0.00066 cm) and 0.00052 
' inch (0.00138 em) thick, respectively, on each side. The electro- 
tinned copper specimens were tested in the “‘as received’’ condition 
as well as after heating to 350° C. and to 500° C. The same testing 
procedure was followed, except that a temperature of 50° C. was 
| Maintained, and the specimens were scrubbed between successive 
cycles. They were weighed at the end of the tenth, twentieth, and 
thirtieth cycles. 
| Before testing, all the specimens with the exception of the polished 
copper ones were rubbed down with No. 000 emery paper. The 
progress of corrosion was followed by determining the changes 
in weight and by noting the depth of the pits. Since the same pit 
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could not be located every time, a number of pits were measure 
and the maximum depth recorded. The number of pits per unit o 
area, revealing copper at a magnification of X 6, was counted at each 
of the four corners of the specimen by means of a template having , 
square hole 0.5 cm (0.2 inch) on edge. 


(b) SOLDERED COPPER 


Preliminary work showed that seam corrosion could be duplicated 
in the same testing apparatus. Copper soldered with half and hal 
solder showed furrowing after accelerated weathering, regardless o{ 
whether acid flux or a commercial noncorroding flux was used, 
Pitting through the solder occurred wherever the solder was thin. 

Strips of electrolytic copper, 8 by 20 cm (3 by 8 inches), wer 
dipped in flux and then in molten solder which was kept at 270° C. ing 
nichrome-wire wound carbon block trough 15 cm (6 inches) deep, 
The drop in temperature during the 1-minute soldering period did 
not exceed 5°. Some specimens of plain and soldered copper were 
mn at 500° C. under charcoal for three hours and then ai 
cooled. 

After being rubbed down with No. 0 emery paper, washed, dried, 
and weighed, sete of specimens were acceleratedly weathered {or 
200 hours at 40° C., 200 hours at 50° C., and 90 hours at 60° (, 
They were removed from the corrosion tank twice a day, at the end of 
runs whose duration was alternately 6% and 16% hours, sprayed 
with hot water for five minutes, allowed to dry, and then replaced. 
This procedure did not as seriously alter the testing conditions 
within the tank as above described (p. 369) and allowed corrosion to 
be continued throughout the entire day (24 hours). At the end of 
every 100 hours the specimens were scrubbed with a bristle brush and 
water and reweighed. After being weighed at the end of 200 hours 
exposure they were reweighed after being given five half-minute dips 
in 15 per cent (by weight) sulphuric acid, which removed all products 
of corrosion without fenidiahin attacking the uncorroded portions. 

Strips for tensile and bend tests were cut from these acceleratedly 
weathered specimens. Determinations were made of the ultimate 
tensile strength, per cent elongation in 2 inches (5 cm) of which 1 inch 
(2.5 cm) was soldered copper, and the number of reversals to produce 
failure when under tensions of 4,000 and 1,000 pounds per square 
inch (2.8 and 0.70 kg/mm’). 

The specimens for metallographic examination were first copper- 
plated and then mounted for polishing in one of the following: Wood's 
metal, Canadian balsam, tin, and half-and-half solder. Oblique 
surface sections were obtained by slightly bending the specimen 
before mounting and polishing on the convex side (1). An etching 
reagent of ammonium hydroxide and hydrogen peroxide was used for 
revealing the structure of the copper, po an acid ferric chloride 
solution, as well as nitric acid with chromium oxide additions, for 
revealing the structure of the coating. The galvanic action between 
the copper and the coating interfered with uniform etching. Polish- 
ing was difficult on account of the gouging out of the soft coating. 
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IV. RESULTS 
1. TINNED COPPER 


The appearance of the specimens of hand-tinned copper after 
accelerated weathering was somewhat comparable with that after 
outdoor weathering, the surface being dulled and discolored, often 
with a greenish tinge. The discolored areas were plainly etched and 
pitted. The greatest corrosive attack occurred along the multitude 
of fine scratches. No marked peculiarity was noticed on the deep 
scratches which revealed copper. The specimens with the thinnest 
tin coat suffered the most corrosion, as judged both by appearances 
and losses in weight. The specimens of the old tinned copper roofing, 
which were included in the test, showed very high corrosion rates. 
Table 2 lists the results of this initial test. The losses in weight are 
given in g/dm?/cycle for the first, fifth, and tenth cycles, as well as the 
average for the 10 cycles. The time required till the first appearance 
of copper through the coating in areas away from the edge of the 
specimen was taken as the time of failure. 


TABLE 2,—Initial aecelerated weathering test of tinned sheet copper 
AS REOBIVED 
Sorubbed after each cycle 





Corrosion rate—g/dm4/cycle 





pone to fail 
cycle num- 
First | Fifth | Tenth | Average ber) 

cycle cycle cycle cycles 


Specimen 





0. 0001 0. 0050 0. 0020 0. 0020 
- 0002 . 0038 - 0021 - 0020 
- 0000 . 0019 - 0016 




















Not scrubbed after each cycle 





| No failure. 
Do. 





SCRATCHED SPECIMENS 


Scrubbed after each cycle 





0. 0011 | 0. 0020 0.0013 | No failure. 
.0047 | .0026 . 0020 | Fifth. 
. 0090 | . 0045 . 0048 | Fourth. 





Not scrubbed after each cycle 





No failure. 

















Aree met 
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It was difficult to obtain duplicate corroding conditions within th: 
tank from one run to the next. This can be attributed in part to the 
use of the cold-water shower, which immediately removed all trace; 
of sulphur dioxide gas from the atmosphere. It was known that 
considerable time was required before the composition of the og. 
mixture within the tank became uniform. ¥ 

Table 3 lists the results obtained from the second accelerated 
weathering test. The adherent films which formed on the copper were 
slightly soluble in water but were removable only by pickling. The 
presence of copper ions and sulphate ions was detected in the wash 
water used in scrubbing the specimens. Under the microscope, green 
specks were discernible on the surface of the scrubbed copper, but 
the general appearance was dark brown or black. Green patina 
scm in time, especially on the specimens not scrubbed between 
cycles. 


TABLE 3.—Second accelerated weathering test of plain and tinned sheet copper 









































Material Coating | Corrosion rate | Pitting 
bee Litas Ee, : “y 
| ‘Thickness Cycle, | | fall 
Period) wraxi- | Mini- | Aver- | Maxi: (cy, 
Mark Treatment Ween | re me el No./em?} mum |*°~ 
| Maxi-| Mini- aa) odo an 
mum | mum 
snielinaly iciggitatae eet. ee ———— = _— nee 
| \g/dm4/10\g/dm?/10\9/dm2/10 
lbs./100 | | cycles | cycles | cycles | em 
ft. cm cm 1-10 | 0.19 0. 16 ss ig, ee CS Sem Basess 
Soft electrolytic...; None .|.....-.].....- {u-20 | -14 - 09 Po) Gi ARES: I Ae : 
Cop- wan) Oe | 006 | wrk foo. o cool c 5... ate 
per. 1-10 | .20 Ay AG aa eo aaa be 
Polished.........- oe ee {ido -ll -10 2) 9 GRRROES “herea DE 
21-30 | .076 yd ee ee liciiesa se enes 
1-10 | -105 | .048 | .073 [2222222 10.0013 | 1-2 
2| Hand tinned_-.-- 0. 584 | 0.001 |0. 0002 ju 073 | .040 | .052 [22222222 | .0053 |...... 
21-30 | - 059 .039 | .051 | 10 | . 0079 |-----. 
1-10} .011 | .0065| .0085 j...... 22)... 

3 '{ .978 | .0014 | . 0004 {u-B0 aus 610 | 2 eee FO ee 
|e ; 21-30 | .02 012 .017 41.008! /-.-... 
|(Electrotinned...... | | 1-10 | .0101 | :0071 | [0080 |..._..__- Recent i 

4 | 1.772 | .010 | .0017 {u-ao 0096 | .0066 |} .0079 |_-..-.__- a ae 
| (21-30 | -013 | .O11 | .012 1 | . 0038 |...... 

4-3 | Electrotinned and | [f,t-10 | -060 | 049 3 See: | * 0046 

heated to 350°C.|........|_...... — 11-20 | :038 | :026 | eo fo. 0071 

| \l21-30 | .032 | .026 | .029 10 | . 0102 

4-5 | Electrotinned and! | fF 1-10 | .108 | .082 - 095 . 0043 
| heated to 500° C.|...-_-.. er — }}11-20 | .103 | . 048 071 | -010 |--.. 

lai-3o | [115 | .077 096 22 | .010 

| 1-10 | .0084| ‘0012| ‘031 |_..-....-|-.....- 

TAGs Ts conssanatxex None..|.....-- Pree it 20 | .0039| .0021| .027 |.......-.|.---.-- 
| | |'21-80 -0044 | .0087| .040 |.......-.|.....--|---- 

i ' 





Visual observation showed that thin oxide films on copper, such as 
are formed when the copper is heated at 100° C., tended to retard 
corrosion during the initial periods of weathering. However, thicker 
films did not show this tendency, probably on account of their cracking. 
In Table 5 it is shown that the oxide films of negligible weight pro- 
duced at 130°, 170°, and 500° C. were accompanied by greater corro- 
sion losses. The set of specimens which was weathered at 60° U. 
was oxidized for a longer period of time than that weathered at 50° C. 
and, therefore, having a thicker oxide film, suffered greater corrosion. 

The surface of the hand-tinned copper was dulled and discolored. 
all had long, parallel, brown or yellow streaks speckled with black; 
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Figure 3.—Oblique sections of heat treated electrotinned sheet 
copper showing cracks in coating. X 100 


1, Heated to 350° C.; B, heated to 500°C. 7, Sheet copper base; 2, unchanged tin; 
j, copper-tin alloys. Both unetched. 
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Accidental scratches were badly discolored. Electrotinned copper 
was stained considerably but was not streaked like the hand-tinned 
copper. It resembled the sheets of block tin. Considerable edge 
corrosion occurred, the tin being removed. ‘The failure of the coating 
was greatly facilitated by the “heating of electrotinned copper to a 
temperature above the melting point of the tin, the appearance of the 
pitt ted areas being similar to that of the old out-doors-weathered 
tinned copper. ‘The specimens of block tin were tarnished and speck- 
led with dark and light brown spots. The indications were that its 
corrosion rate tended to increase with time. 

The microstructure of the coatings on heat-treated electrotinned 
copper was rather complex. Electrotinned copper had but one phase 
prese nt in the coating—the tin. Upon heating to 350° and 500° C., 
the copper and tin alloyed, copper dissolving quite rapidly in the tin. 
The alloy layers were brittle and slight bending caused them to crack, 
as shown in Figure 3. Many of these cracks extended through the 
alloy layer only. During polishing a slight relief effect was some- 
times obtained, as shown in Figure 3(a), thus revealing the complex 
nature of the coating. 

At least two phases were distinguishable in the alloy layer formed 
at 350° C. In Figure 4, next to the copper is a dove gray layer, and 
next to it is a brilliantly white layer. Patches of unchanged tin 
etched dark. Particularly good contrast was obtained in this figure 
by leaving the specimen over night in the laboratory atmosphere. 

By heating to 500° C. another phase was formed which tarnished 
brownish on etching. This phase and the dove gray and brilliant 
white phases noted above are to be seen in Figure 5. In one place 
only, not shown, was the needlelike structure with a brilliant white 
fringe found to have a definitely blue color, characteristic of the 7 
phase. It is assumed that the brownish phase is 4, the brilliant 
white e’ and the dove gray 7. 

The salt spray test appears to be a very slow method for producing 
failure of tin coating on copper. After 1,000 hours’ exposure, only a 
slight difference between handtinned and electrotinned specimens 
was noticeable, the former showing spots of bare copper and the 
latter not. The time of the first appearance of these bare spots could 
not be determined. 

2. SOLDERED COPPER 


In Tables 4 and 5 and in Figure 6 are given the results of accelerated 
weathering of soldered copper. At the end of the first 100-hour 
period many of the specimens were found, after scrubbing, drying, and 
weighing, to have increased in weight, and after 200 hours very slight 
losses were noticeable. However, after removing the corrosion film 
by pickling considerable loss in w eight was observed. The reported 
corrosion rates for soldered copper were calculated on the assumption 
that all the loss was from the bare copper portion whose area was very 
ram 50 per cent of the total area exposed. These figures indicate 

hat the corrosion rate of soldered copper increased. with increase in 
annealing temperature to which the solder was subjected. 
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TaBLE 4.—Tensile properties of plain and soldered sheet copper before and after 
accelerated weathering 








: Before weath- | i a : 
Material ering After weathering 
| 
200 hours at 200 hours at | 90 hours at 
| } 40° C, 50°C. | 60° C, 
- Tensile | Elon- | - , . 
ori! > . | — ——_— ——| 
Mark; Treatment | strength] gation | 
| | Tensile | Elon- | Tensile | Elon- Tensile | Elon 
| strength) gation | stre ngth) gation | strength gati 
| 
cay Ac) ld ova) her iegior 
| Lbs./in.2|Per cent] Lbs./in.2| Per cent| Lbs./in.? |\Per cent| Lbs./in.? | Per cent 
1Cu | Roofing temper_-._..._.-- | 82,900 41 31, 700 | 36 | 32, 200 39 | 33, 200 
1 Cu | Annealed at 500° C__.....| 32, 000 40 | 32,400 43 | 31,500 | 35 | 32,300 
RIG | PC ccaccceceneetcact | $2,800 37 | 32,700 38 | 32,700 36 | 32,800 
1 Cu | Soldered and annealed at | 
a Shin RE PRE 32, 300 33 | 32, 300 29 | 31, 000 23 | 31,600 | 





Nore.—All figures are average of three determinations. 


TABLE 5.—Weight losses of plain and“soldered sheet copper when subjected ‘ 
accelerated weathering 

















| 
Material | Weight loss (g/dm? of copper) 
| | 200 hours at 40° C, | 200 hours at 50° C. 90 hours at 60° C, 
(eh ee at aar cot a >. Se 
Mark) Treatment | | | | | | 
| Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver- 
| mum | mum | age | mum rl mum age | mum | mum | age 
1 Cu | Roofing temper -.----- 0. 36 0. 27 0. 4 =| eg 0. 574 | 0. 465 0. 53 0. 2 | 0. 52 0. 54 
1 Cu | Annealed at 500° C__ . 35 . 30 .807 | .624 73 . 54 i 
aoe) Se (. 43) (. 21) ¢ 3) ¢ 567) | (. 548) (. 56) ¢ 60)| (.57)} (8 
1 Cu | Soldered and an- | | | 
nealed at 500° C___.| (. 37) (. 33) (.36)} (.925)} (. 912) (. 92) # 77)| (.77)) (7 
1 Cu | Surface oxidized at— | | | 
og CS Saag RRS Pree ares Mepoeree ele Kaisa tithe .61 .70| 64 | 
170° © ft IRR et tees RRMA Tn. Pa sab: . 58 .64| .64 
gh * SAYS RES TERS URES GRE e |} .997| .778 JO Indusacee Werte t= 
i | } } | | 

















Mow —Figures in parentheses were cetentntad on the assumption that all weight lost was from the bare 
copper portion whose area was measured and which was very nearly 50 per cent of total area exposed. 


The physical appearance of the specimens after corrosion is shown 
in Figures 7 to 10. Figure 9 is a magnified view of the furrowing 
which is especially in evidence in the A specimen; the B specimen 
shows, on the other hand, very slight attack. 

After weathering, three phases were distinguished on these soldered 
and annealed specimens. Figure 10 shows the appearance of these 
phases and illustrates the association of pits with them. Areas C 
and B are evidently the 6 and 7 phases and A the unchanged solder. 

The characteristic microstructures of the soldered specimens are 
shown in Figures 11 to 13. Figure 12 shows the cracks in the very 
thick coating of copper-tin alloys on soldered and annealed copper. 
The black line between the copper and the alloys resulted from the 
deep etching of the copper, which is anodic to the coating in an- 
monium hydroxide. 

The repeated immersion tests did not exactly duplicate the furrow- 
ing of copper at copper-solder junctions. After 200 hours a plain 
copper specimen was coated with a uniform green film except at 
points of contact with the glass stirrups and at the bottom, which 
had a knife-blade edge. The solder of soldered-copper specimens was 
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Figure 5. Oblique section of electrotinned sheet copper heated 
500° C. for 3 hours. < 200 


Etchant: Concentrated nitric acid. 1, Sheet copper base; ja, brilliant whi 
/b, bluish » phase; /c, brownish 6 phase 
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badly corroded and did not appear to have accelerated the corrosion 
of the copper. However, copper soldered at 270° C. and annealed 
at 500° C. was badly attacked. There was no marked evidence of 
fyrrowing at the copper-solder junction as is obtained in accelerated 
weathering, but the copper was uniformly dissolved away. This 
left a pronounced shoulder at the junction. The soldered-covered 
portion was badly pitted and perforated. The pits had white walls 
and were always to be found in light-blue areas. Most of the solder 
had been dissolved away. 
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Ficure 6.—Results of bend tests of plain and soldered sheet copper 


V. MISCELLANEOUS OBSERVATIONS AND DISCUSSION 
1. CORROSION OF COPPER 


I) 


English investigators (12) of the atmospheric corrosion of copper 
have shown that copper sulphate is a common corrosion product 
found on copper roofs. The finding in these laboratory tests, reported 
herein, of water-soluble corrosion products with traces of the sulphate 
lon is consistent with Vernon’s observations. 

Intercomparisons of the corrosion rates of copper given in Tables 3 
and 5 show that after 30 cycles or 150 hours of exposure to the gas 
mixture, copper lost a total of 0.368 g/dm’, equivalent to a loss of 
0.47 g/dm? in 190 hours. This is comparable with 0.53 g/dm?* for 
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copper of similar temper when continuously exposed to the corroding 
gas at 50° for 200 nominal hours, of which actually 10 hours were 
used for washing and drying outside of the tank. Average penetra. 
tion figures equivalent to these corrosion rates are 0.00053 cm and 
0.00060 cm, respectively. If 0.0001 inch (0.00025 cm) per year be 
taken as an average outdoor corrosion rate of copper (13, 14, 15, 16 
then 200 hours continuous accelerated weathering approximates two 
years natural weathering. This agrees qualitatively at least with the 
fact that the depth of furrowing after accelerated weathering is not 
so great as outdoor weathering for 16 to 20 years. These comparisons 
are only approximate because weathering is governed by many factors 
which may alter the above considerations tremendously. 


2. PITTING OF TINNED COPPER 


The behavior of tinned copper during accelerated weathering {its 
fairly closely the description as given in the literature (1, 17, 18), 
However, whether as marked furrowing or actual perforation of the 
sheet would occur is doubtful because of the marked chemical attack 
of the coating which occurred. On a roof the corrosion of the coating 
is so slow that the galvanic action between it and the copper has a 
long time in which to act and cause pitting, but in these accelerated 
tests the coating had an appreciable corrosion rate and consequently 
was removed before pronounced pitting could occur. An attempt 
was made to reduce this chemical corrosion by lowering the tempera- 
ture of test, but difficulties due to the greater solubility of sulphur 
dioxide in water at the lower temperature were encountered. 

It is the formation of brittle alloy layers between the copper and 
the tin that leads to pitting. The alloy layer is of greater complexity 
and is more brittle with increase in the temperature used while 
coating. Slight handling of tinned sheets would be sufficient to 
form cracks in the alloy layer, especially if the layer were thick. 
Scratches formed under circumstances that do not smear the solt 
tin along their walls would facilitate marked furrowing. As suggested 
by Merica, these coatings afford only mechanical protection. They 
have high corrosion rates as might be judged from Tables 2 and 5, 
but the moment copper is exposed adjacent to the alloy, a galvanic 
cell is formed in the presence of an electrolyte; the copper is anodic 
and corrodes and so protects the alloy. The pits and furrows can 
grow in diameter and width by the coating being undercut, leaving 
the brittle alloy unprotected and thus subject to further corrosion. 

The incompleted preliminary studies of the polarity of these alloys 
with respect to copper showed that in agitated solutions the copper 
was anodic to the different phases present in the tin coat and exposed 
by corrosion. This is in accordance with the observations of Merica, 
especially in sulphate solutions. Examination of the roof of the 
Library of Congress revealed that the furrows and pits were much 
larger on the dome roofing than on small pieces of tinned copper 
that had fallen from ornaments and lain for an indefinite period on 
flat portions of the roof. It should be expected that the difference in 
velocity between rain water flowing down over the dome and that 
flowing over the loose pieces lying on the flat roof would be consider- 
able. Comparison with the tinned copper of flat decks on the roof 
was not possible because the roof had been painted. In Figure ! 
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‘URE 8.—Same as Figure 7, but after 200 hours accele rated weathering 
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FIGURE 9. 








Same as Figure 8, but after pickling. < 3.? 
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FiacureE 10.—Phases on acceleratedly weathered soldered copper 


1, Dull gray with no pits; B, blue gray witha few pits; C, white gray with many pits. 
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FiGuRE 11.—Oblique section of sheet copper soldered at 270° C. 
x 500 


Etechant: NH;,OH+H20O , Sheet copper base; 3, unchanged solder; 4, «’ phase 
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FiGurRE 12.—Oblique section of sheet copper soldered at 270° C. and heated 
to 500° C. for 3 hours. < 500 


Etchant: NHs,OH+H202. 1, Sheet copper base; 4, copper-tin alloys 
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FiGuRE 13.—Same as Figure 12, but after prolonged etching with Fe-CLHCI 
and nitric acid dip. 200 


» Sheet copper base; 3, unchanged solder; ja, bright areas of e’ phase; 4b, 7 phase 
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there is noticeable the etching of copper adjacent to solder in areas 
where the flow of rain water was considerable. 


3. PITTING OF SOLDERED COPPER 


Pitting of soldered copper is another example of the pitting of 
sopper Which has been coated with a metallic alloy containing tin. 
The usual place to find such pits is the uppermost ridge of the seam— 
the place that would be the first to be touched by the soldering iron, 
that receives the wear and tear, and that would be expected to 
have the thinnest coating of solder. The specimens of hand-tinned 
copper which were judged to have the thinnest coating also suffered 
the most corrosion. Pits formed during the soldering process are 
akin to blowholes. They are those pits which have patina-covered 
copper on the bottom. 

Nightingale (19) and Beij (20) and others have shown that the 
strongest soldered joint has but little solder between the copper 
members and that piling up heavy wide bands of solder on flat lock 
seams to increase their strength is not worth while. However, from 
the point of view of corrosion resistance, a moderate amount of solder 
which completely covers the copper-tin alloys is beneficial in prevent- 
ing the pitting of copper. It does not seem possible to prevent 
seam corrosion by such a procedure. 


4. SEAM CORROSION 


The influence of the temperature of soldering on seam corrosion 
which is another example of detrimental galvanic corrosion of copper 
by copper-tin alloys is shown by the change in the physical properties 
upon weathering, especially of the soldered and annealed specimens 
weathered for 200 hours at 50° C. The tensile strength of one 
individual specimen was lowered as much as 3,000 lbs./in.? due to 
accelerated weathering. The greatest change was in the number of 
bends needed to produce failure. 

The bend test is essentially a severe fatigue test, though the results 
obtained from such tests are empirical in nature and difficult to 
apply to everyday service. When copper is used for roofing purposes 
it may be subjected to repeated bending through small angles, 
especially if it is so anchored that the ends of a long stretch can not 
slide, and expansion and contraction results in buckling and stressing. 
At points where the copper is stiffened, as by the use of solder, the 
bending will tend to occur at the copper-solder junction. The results 
given in Figure 6 show that weathering has a pronounced effect on 
the fatigue properties of such a joint, as measured in terms of the 
number of bends to produce failure, and that the weathering effect is 
greater the higher the temperature to which the solder is subjected. 
uxperienced sheet-metal workers are confident that their joints will 
hot pit and furrow. Such men advocate the use of soldering irons 
at low temperatures. It is a pity that the poor workmanship of 
hovices is not revealed before a whole decade passes. It is probably 
their work that accounts for seam corrosion occurring on a small 
portion of some roofs, the soldering on the other portions being done 
by experienced men and showing no signs of corrosion at the end of a 
decade. The use of eutectic solder which would permit soldering at 
lower temperatures might be beneficial. 
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5. FLUXES 


i The matter ‘of fluxes is still a problem. Though flux is not y. 
sponsible for the seam corrosion nor for the pitting of copper covered 
with tin-bearing metals, carelessness in handling the flux can cause 
damage. Drops of any solution, such as sodium chloride or “killed” 
acid flux, which can form insoluble copper salts, will cause pitting 
of the copper if allowed to remain on it (21). For instance, drops of 
sodium-chloride solutions whose concentration is N/100 or stronger, 
formed in their center a deposit of insoluble basic copper chloride 
when allowed to stand on copper under conditions which prevented 
evaporation. The maximum depth of pitting measured in tests 
extending over five weeks was found to have been reached in the 
third to fourth week and was of the order of 0.004 inch (0.01 em). 
Some scratches which passed through this copper-chloride deposit 
were enlarged, usually by a continuous series of pits along them. 
Heating copper to 100° C. for an hour, causing the formation of oxide 
film, resulted in wider and deeper pits being formed under drops of 
salt solution. A porous red deposit, believed to be cuprous oxide 
was found underneath the green deposit in the pitted areas. 

When solutions of zine chloride, which are representative of flux, 
were used instead of sodium chloride solutions, the same phenomenon 
occurred, only the copper was pitted to a greater degree. A concen- 
trated solution of zinc chloride was more destructive than a dilute one. 
Laboratory experiments showed that improperly killed flux was more 
destructive to copper than zinc chloride solutions. 

These deposits under which pitting occurred were not removable 
by a strong stream of water. It is therefore unwise to be careless 
when using killed acid flux and depend upon rain to wash any spilt 
or excess flux from the roof. This is especially so during summer 
months when much repair work is done on roofs, because of the possi- 
bility of extended periods of drought, during which the pitting may 
get started and the adherent films will not be washed away. 


VI. CONCLUSIONS 


Accelerated weathering tests with a humid-gas mixture of 1 per 
cent SO, 5 per cent CO:, 94 per cent air at temperatures above 50° C., 
were made, in which were duplicated the pitting of tinned copper and 
the furrowing of copper at a copper-solder junction such as occasion- 
ally occurs in copper-roofing material during service. The phenome- 
non is associated with the formation of copper-tin alloys at the junc- 
tion of the copper with the tin or solder. These alloy layers are 
brittle, and cracks are easily formed; the exposed copper forms the 
anode of a galvanic cell with the alloy in the presence of suitable solu- 
tions and is corroded. The higher the temperature used for tinning 
or soldering the greater is the tendency for pits and furrows to form 
by subsequent corrosion. The prevention of the formation of such 
alloys removes the tendency of the soldered copper to pit and to 
furrow. 

The effect of seam corrosion is to reduce the strength of soldered 
joints and to impair markedly the fatigue properties of the copper 4s 
measured in terms of the number of bends required to produce failure. 

Spilt flux, if left in place, causes pitting of copper. This pitting 
occurs under very adherent deposits of copper salts which are not 
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removable by water. The presence of thin oxide films on copper 
brings about deeper pitting. In such cases, when sodium-chloride 
solutions are used, porous cuprous-oxide deposits are found under the 
layer of copper salts which causes the pitting. 
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THE CHROMIUM OXIDE AND THE VANADIUM OXIDE 
BAND SPECTRA 


By W. F. C. Ferguson ! 


ABSTRACT 


With the aid of much more extended measurements on the band heads due 
to chromium oxide (CrO) and to vanadium oxide (VO) more complete and pre- 
cise vibrational analyses were made of these spectra. The new equations, 
representing band heads are found to be: 


Cr0: v= 16,594.6+746.9 (v'+%)—7.9 (v'+%)?—897.5 (0’’ +%) +6.55 (v’’ + 34)?; 
VO: v=17,498.8+ 864.9 (v’ + %) —5.70 (v’ + 44)?— 1,012.3 (v’’ +%) +5.27 (v’’ + %)*. 


Additional unassigned bands of VO are listed. 
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I. CHROMIUM OXIDE 


The band spectrum of chromium oxide, CrO, is emitted by an arc 

containing chromium, in air. Measurements of several band heads 
have been made by Eder and Valenta,? and others,* and more recently 
by Kiess and Meggers.‘ A vibrational analysis of part of the older 
data was made by Mecke.® In view of the meager data used in that 
analysis it seemed well to extend the observations of the band heads 
as far as possible and make a more precise determination of the 
vibrational constants of the molecule. 
_ The spectrum was obtained by introducing pure chromium metal 
into a carbon arc. Photographs were taken with low dispersion 
(about 60 A per mm at 6,600 A) on a Hilger E2 spectrograph using 
one glass 60° prism. Wratten and Wainwright panchromatic plates 
and especially dyed Eastman 33 plates were 0 for the visible and 
infra-red regions of the spectrum, to 9,000 A. 

All the band heads that could be measured with certainty were 
found to belong to the system originally identified by Mecke,® all 
bands shaded toward longer wave engths. The intensity distribu- 
tion among the bands follows a typical Condon’ parabola. The 


nent professor of physics, New York University. This work was done as guest at the Bureau of 
Standards, 
' Eder and Valenta, Atlas T'ypischer Spektren, Wien, 1911. 
Kayser, u.Konen, Handb. d. Spect., vol. 7, p. 306, 1924; for VO: H. Kayser, Handb., vol. 6, p. 786, 1912. 
Kiess and Meggers, B. S. Scic. Paper No. 372, 1920, 
, Mecke, Phys. Zeit., vol. 28, p. 514, 1927. 
'Mecke, Phys, Zeit., vol. 28, p. 514, 1927. 
’ Condon, Phys. Rev.,,vol. 28, p. 1182, 1926. 
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revised equation which represents the positions of all band heads 
within observational errors is 


v=16,594.6+746.9 (v’+%)—7.9 (v’+%)?—897.5 (v’’ +4) 
+6.55 (v’’ + 4). 


The duplicity (or multiplicity) of band heads observed by earlie 
writers does not appear with the low dispersion used here; so the 
following measurements are of the shortest wave length heads in ql] 
probability of multiple bands. Older data included but nine more 
prominent of these bands between dd 5,500 and 6,900A. 


TABLE 1.—Heads of chromium oxide bands 




















yt tty »v(cm~!) v(cm-!) | 
v’,v Intensity} (I. A.) (Obs.) (Obs.—Cale.) 
Pes Figet a w | 
3,0 0 | 5,356.4 18, 664 ~3 
f. 6s , . 
2,0 3 5, 564, 2 17, 967 2 | 
(31 27 5, 623. 1 17,779 ~3 | 
»J ; 
1,0 4 5, 795. 5 17, 250 0 
21 1L 5, 852.8 17, 081 0 
3,23 2 5, 914. 5 16, 903 -6 
0,0 6 6, 052.3 16, 518 ag 
| 22 2 6, 168. 1 16, 208 -2 
} 33 | 1 6, 230. 4 16, 046 ~5 
#1 | 3 6, 395.0 15, 633 ~2 
1,2 2 6, 451. 5 15, 496 2 | 
0,2 4 6, 771.8 14,763 | gor’ 
| 43 3 6, 829, 2 14,639 Piast 
| 
| 03 | 2d 7, 187.1 13,910 | 5 } 
| ue [a9 7,240.1 | 13,70 | o | 
| 26 | #1 7,313.8 | 13,669 | -5 | 
| 36 |$-02 7,375.3 13,555 | 0 
| 47 | 2 038 7, 439. 5 13,438 | 5 | 
1 45 |e o! 7, 713.9 12, 960 Brey 
i eae 7,778.1 12, 853 ae 
| 37 1; 7, 842. 8 12, 747 -3 | 
4,8 e. 7, 908.0 12,642 | 2 
| 38 had 8, 360. 3 11,958 | af ol 











L, line superposed. 
d, diffuse. 
Calc., calculated values obtained from formula given above. 


II. VANADIUM OXIDE 


The band spectrum of vanadium oxide, VO, is emitted by an arc 
containing vanadium, in air. The lack of data **'° for a more con- 
plete analysis " of this spectrum led to further investigation; as in 
the case of CrO. 

The spectrum was obtained by introducing vanadium chloride 
into a carbon arc. Low dispersion photographs were taken, as 12 
section I, of the visible and infra-red regions. All the bands are 
shaded toward longer wave lengths. 

The more intense of the bands measured extend the system for 
which the vibrational analysis was initiated by Mecke.” 





§ Eder and Valenta, Atlas Typischer Spektren, Wien, 1911. ee 
* Kayser u. Konen, Hanb. d. Spect., voi. 7. p. 306, 1924; for VO: H. Kayser, Handb., vol. 6, p. 786, 1912., 
10 Kiess and Meggers, B. S. Sci. Paper No. Pe 1920. 

11 Mecke, Phys. Zeit., vol. 28, p. 514, 1927. 

13 Mecke, Phys. Zeit., vol. 28, p. 514, 1927. 
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Intensity distribution among the bands is, as might be expected 
from the ratio of coefficients of v’ and v’’, a typical distribution. 
Duplicity (or multiplicity) of band heads, observable under high 
dispersion,* did not appear on the spectrograms, therefore the 
present measurements are of the shortest wave length heads in all 
probability of multiple bands. The new equation which represents 
the positions of band heads in this system, called system 1, within 
observational errors, is 


v=17,498.8+ 864.9 (v’ +%) —5.70 (v’ + %)? 
—1,012.3(0” + 4) +5.27(v” + %)? 


Measurements of the band heads are given in Table 2. Older 
data included but four of these bands: (1, 0), (0, 0), (0, 1), (0, 2). 


TaBLE 2.—Vanadium oxide band heads of system 1 
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L, line superposed. 
d, diffuse. 

m, masked by strong band, 12,534. 
Calc., calculated from formula, above. 


1 Cale. only. 


_In addition to system 1 there are 45 bands, most probably due to 
YO, which could not be assigned to any system. Fourteen of these 
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bands form four sequences which appear from their first difference; 
to be related to system 1. However, no relation was found. No; 
do these sequences comprise a satisfactory new system. In it ther 
would be no band in a negative sequence if, as seems possible, the 0, 
+1, +2, +3 sequences be represented in the following order: 


14, 503 13, 559 L 12, 629 L 11, 708 L 
14, 381 13, 448 12, 534 11, 625 
14, 261 13, 340 

14, 139 

14, 023 L 13, 121 

13, 899 


L, line superposed. 


Additional band heads that were measured, generally of leg 
intensity, are listed below: 


20, 000 13, 629 12, 651 L 
17, 288 L 13, 594 L 12, 089 
17, 248 L 13, 521 12, 036 
16, 831 13, 500 12, 018 
15, 671 13, 431 11, 934 
15, 547 13, 409 11, 661 L 
14,677 L 13, 301 11, 595 L 
14, 556 12, 820 L 11, 550 L 
14, 411 12, 710 11, 414 
14, 291 12, 661 L 

14, 082 12, 591 L 


L, confused with line. 


The writer wishes to thank the members of the spectroscopy 
section, especially Dr. W. F. Meggers, for kindnesses extended to 
him while at the Bureau of Standards. 


WasuHineton, December 22, 1931. 


AIR DENSITY CORRECTIONS FOR X-RAY IONIZATION 
CHAMBERS 


By Lauriston S. Taylor and George Singer 


ABSTRACT 


The international Réntgen is defined only for a given density of air (as affected by 
temperature and pressure). Since ionization measurements are usually carried 
out at other than the standard density, corrections must be made therefor. 
These corrections are discussed and their applications are given for (a) standard 
ionization chamber measurements, (b) calibration of thimble chambers against a 
standard, (c) clinical use of thimble chambers at other than the prescribed air 
density, (d) radioactive leaks for ionometer sensitivity control, and (e) radioactive 
compensators for ion current measurement. 


CONTENTS 
I, Introduction 
[I]. Temperature and pressure corrections applied to standard ionization 
DRAMOIR cite edna Kdtteuieesievetuesi «wus «ta-woestitidels wh 
. Temperature and pressure corrections applied to ionometers 
. Application of air density corrections to calibration of an ionometer- - 
. Temperature and pressure corrections applied to radioactive ionome- 
ter controls : 
I. Conclusions 


I. INTRODUCTION 


The unit of X-ray quantity, the Réntgen,'? has been defined by 
international agreement in terms of the ionization produced under 
stated conditions in a cubic centimeter of atmospheric air. The 
ionization which a given X-ray beam will produce in a given volume 
of air is simply proportional to the number of molecules of the air 
exposed to the rays; that is, proportional to the density of the air. 

The density of atmospheric air depends upon the following factors: 
1) Composition, (2) moisture content, (3) temperature, and (4) pres- 
sure. Air composition is extremely uniform for altitudes up to 15 km. 
and over the earth’s surface. Ordinary variations in density resulting 
from change in composition do not affect the ionization produced in 
aur. A change in temperature of 10° C. causes a change in air density 
due to its moisture content of only about one-half per cent. It is 
therefore assumed that air density changes are due entirely to varia- 
tions in temperature and pressure. The density of unconfined air 
varies inversely as its absolute temperature and directly as its pressure. 
rhe réntgen is therefore uniquely defined when these conditions are 
given. To fulfill this requirement the definition states that the 
ionization shall be measured in air at a temperature of 0° C. and a 
pressure of 760 mm mercury. 


‘The quantity of radiation which, when the secondary electrons are fully utilized and the wall effect of 

the chamber is avoided, produces in 1 cubic centimeter of atmospheric air at 0° C. and 76 cm mercury 

Pressure such a degree of conductivity that one electrostatic unit of charge is measured at saturation. 
‘Third International Congress of Radiology, Paris, 1931. 
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In formulating this definition it was not, of course, intended that 
ionometers should necessarily be calibrated nor that dosage measure. 
ments should necessarily be made at 0° C. and 760 mm pressure, 
for while not impossible, it would be extremely impractical. It was 
recognized that, regardless of what temperature and pressure were 
specified as standard, calibration and dosage measurements would be 
made in general under different conditions; and that this would 
involve temperature and pressure corrections. 

Because they were of about the same order of magnitude as the 
error involved in the measurements, until recently, little attention 
has been given these corrections. Now that it is possible to make the 
measurements more accurately (within 0.25 per cent), these correc. 
tions can no longer be neglected. In the calibration of an ionometer 
there are three separate temperature and pressure corrections in- 
volved. The first is applied to the standard chamber, the second 
and third to the ionometer reading. These will be discussed in turn 
and a simplification of the process, arising from the simultaneous 
application of the first and second correction factors, will be noted. 


II. TEMPERATURE AND PRESSURE CORRECTIONS 
APPLIED TO STANDARD IONIZATION CHAMBER 


By the definition of the Réntgen, ionization due to “wall effects” 


is excluded. It is therefore to be expected that, in the open-air 
ionization chamber where this condition is most nearly realized, the 
ionization produced would vary directly as the density of the air, 
The density d, at 0° C. (273°, absolute) and 760 mm mercury may be 
calculated from the density d, at temperature t° C. (273 +t, absolute 
and pressure p by the equation® 


273+t 760 ss 
d,= 1.( 273 x D . (1) 


Since then the ionization in the open-air chamber varies direct!) 
as the air density, number of Réntgens, r, should be given by 


. 73-+t, 760 
Hiatt) 


=I] ,k (2) 


Where J, is the observed ionization per milliliter in e. s. u. at ¢° C. 
and p mm mercury and J, is the corresponding ionization per 
milliliter in e. s. u. at 0° C. and 760 mm mercury.‘ 

This relationship was tested experimentally first by McClung ° in 
1904 and by Crowther * in 1909, and found to hold within the exper- 
imental accuracy. The factor k is the air density correction which 
must be applied to the ionization, J,, measured under any fixed con- 


* This equation is an approximation good to about 0.1 per cent. The more exact expression is 
760 
do=d, (1+0.00367 ¢) = 
‘ To distinguish between I and J, in (2), Victoreen (Radiology, November, 1931, p. 1014), refers to T, a8 
“*Réntgens reduced to zero.’ 


’R. K. McClung, Phys. tg vol. 5, p. 368, 1904; also, Phil. Mag., vol. 7, p. 81, 1904. 
® J. A. Crowther, P. R. 1909. 
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ditions of temperature and pressure, in order to determine the value 
called for by the definition of the Réntgen. Values of & for the range 
of temperatures and pressures ordinarily encountered are plotted in 
Figure 1. This factor, therefore, enables us to determine the X-ray 
quantity in Réntgens under any condition, for we have simply to 
measure the ionization per milliliter and then multiply by & to get 
the ionization in e. s. u. at 0° C. and 760 mm mercury pressure. 
This by definition gives the X-ray quantity in Réntgens. 

In the preceding discussion of the temperature-pressure correction, 
as applied to the standard ionization chamber, it is tacitly assumed 
that the electrostatic measuring system is a of temper- 
ature and pressure. This assumption holds for all deflection systems, 
and for null systems involving either electrostatic compensators or 
hermetically sealed radioactive compensators. It does not hold for 
systems which are not hermetically sealed. 
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Fiaure 1.—Correction factor to reduce ionization in e. s. u. per milliliter at a 
given temperature and pressure to Réntgens (e. 8. u. per milliliter at 0° C. and 
760 mm mercury) 


In any radioactive compensator the current is produced by air 
ionization which varies according to the same laws as X-ray ioniza- 
tion and hence is likewise subject to corrections for air density unless 
hermetically sealed. In the unsealed compensator the density 
variation is identical with that in the air ionization chamber, so that 
when the two are used simultaneously the air density correction 
experimentally vanishes. In such a case, however, it is of importance 
to know the air density for which the compensator calibration was 
pps in order that the readings may be reduced by (2) to the standard ° 

ensity. 


III. TEMPERATURE AND PRESSURE CORRECTIONS AS 
APPLIED TO IONOMETERS 


Whether the simple air density corrections which apply for the 
open-air ionization chamber are also applicable to ionization cham- 
bers which are not free from ‘‘wall effects” is not known with a high 
degree of certainty. However, pending experimental proof, it has 
been universally assumed that the same corrections apply to chambers 
of the thimble type or others having appreciable ‘‘wall effects.” 
The necessity for applying an air density correction when calibrating 
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an ionometer arises from the fact that ionometers are often used at 
temperatures and pressures other than those at which the calibration 
is made. If an ionometer receiving a given number of Réntgens (r) 
at known temperature (i.) and pressure (p,) gives a scale deflection 
of 6., it would on receiving the same number of Réntgens at some 
other temperature (t,,) and. pressure (p..) give another deflection (6,) 


7 


‘273 + te Pw 
Ou = 0e( 73+, xt) 8) 
This correction is applied at the time of calibration of the ionometer 
against the standard. 

Since, in general, the air density in the clinic will be variable, « 
second correction to be applied by the radiologist may be necessary, 
This is required if, at the time the ionometer is used, the temper- 
ture (f,) and pressure (p,) differ from the temperature (t..) and pres- 
sure (p,.) under which it was intended to be used. Thus 
21a +t. De 
00 ON O73 + ty” De 
= 6c’ (4 








Ionometers of American manufacture are calibrated for use at 
22° C., 760 mm mercury pressure. For such, equation (4) becomes 


273 +f, x £60 
Oem 06( aos Xp) 


= 0 2.5 sa 28-4) 


= 6,C (5 


The correction factor in (5) (quantity in parentheses) is usually 
obtainable, for the range of temperature and pressure conditions 
ordinarily encountered, from a chart supplied by the manufacturer. 
It may likewise be obtained from Figure 2. lonometers graduated 
to read Réntgens directly, can be correct only at the temperature and 
pressure at which it is intended that they be used. Under other 
conditions corrections must be made either by equation (4), (5), or 
from the chart supplied by the manufacturer. 

It should be emphasized that the radiologist need make only one 
of the corrections discussed above and then only when high accuracy 
is desired. For small variations in temperature (+ 3° C. ) about the 
calibrated operating temperature (22° C.), the error introduced by 
neglecting the air density corrections will be only +1 per cent. Simi- 
larly a variation in atmospheric pressure of + 10 mm Hg will introduce 
an error of about +1 per cent. The sum of these errors will usuall) 
lie within the experimental error of an ionometer as used clinically. 


IV. APPLICATION OF AIR DENSITY CORRECTIONS TO 
CALIBRATION OF AN IONOMETER 


Let it be required to calibrate an ionometer to measure Réntgens 
correctly at a temperature ¢. and pressure Py. The temperature 
at the time of calibration is ¢, and the pressure p,. The ionization 
current produced by a constant X-ray beam is first measured by 
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means of a standard ionization chamber which indicates J e. s, 
per milliliter of air per minute. The ionometer is then placed jp 
this beam and after m minutes shows a deflection of 6,. 

Correcting the standard chamber magnitude, the number of 
Réntgens (r) entering the ionometer in m minutes is determined 
from equation (2) 


273 +t. 760 


r=ImxX 973 D, 


(6) 


The deflection of the ionometer 6, for the specified working conditions 
(tw, Pw), When receiving r Réntgens, should be, from equation (3) 


_, 2i3t+t, Pw 4 
b= aT +E Dy, (7) 

The number of Réntgens per scale deflection of the ionometer 
(under conditions t,, Py) is obtained by dividing equation (6) by 


equation (7) 


by 972 +1 7 
ag /8F8 te © 
6, 8,\273 Pw 

It is of interest to note that equation (8) does not involve either 
the temperature (¢,) or pressure (p,) under which the calibration 
is made and that there is therefore no need for knowing the tempers- 


ture and pressure at the time of calibration.® 
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? For all ionometers of American manufacture and for those calibrated at the Bureau of Standards tu 

is 22° C. and pw is 760 mm of mercury. Equation (8) then becomes 
r Im295 Im 
07 0, 2737 (1-08) (7) 

§ W. Nicholas, of this laboratory, has suggested and used a simple means of obtaining the air density 
correction without actually measuring the te~ perature and pressure. A globule of mercruy in a capillary 
tube sealed at one end (fig. 3 (a)) will move according to the air density in the tube, which will, of course, 
vary with temperature and atmospheric pressure. If, for example, the tube has a uniform cross section 
and the globule is 100 cm from the sealed end, each centimeter of motion of the globule will represent about 
1 per cent change in air density, giving directly the correction necessary to apply to the ionization readings 
A modification of this suggestion would be to replace the long tube by a capillary and bulb of known 
volumes (fig. 3 (6)) so as to reduce the size of the apparatus. Such a device may be mounted directly 0” 
an ionometer for convenience. 
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Vy. TEMPERATURE-PRESSURE CORRECTIONS APPLIED TO 
RADIOACTIVE IONOMETER CONTROLS 


Since ionometers are for the most part delicate instruments it is 
essential that some means be provided for occasionally checking their 
calibration. Radium or some other radioactive substance is usually 

rovided as such a control. Since the ionization produced by the 
control follows the same law as for X-ray ionization similar tempera- 
ture and pressure corrections are applicable. 

It is therefore recommended that air density corrections on radio- 
active controls be made in the same manner as the corresponding 
corrections applied to ionometers. At the initial calibration, the 
scale deflection produced by the radioactive control per unit time 
(ratio of deflection to time) should be found, and by means of equa- 
tion (3) should be corrected to the conditions of temperature and 
pressure (tw, Pw) for which it is intended that the ionometer be used. 
When at any time the ionometer is to be checked by this control 
the deflection-time ratio must again be determined for existing 
temperature and pressure conditions (¢,, p.) and this ratio by means 
of equation (4) reduced to the working conditions (t,, py). By this 
means a check obtained from a control of this type has a real signifi- 
cance; a good agreement between the initial check and that obtained 
later (both for conditions t,, p») indicating that the calibration of the 
ionometer has remained unchanged. Capacity controls’ have re- 
cently been incorporated in certain ionometers which do not require 
corrections for temperature or pressure. 


VI. CONCLUSIONS 


Of the temperature-pressure corrections discussed, that to be applied 
to the standard ionization chamber correcting from room temperature 
to 0° C., is by far the most important; under ordinary conditions it 
amounts to about +8 per cent. 

In order to measure dosage accurately by means of an ionometer 
which has been calibrated in Réntgens, the following factors must be 
known: (1) The temperature and pressure for which it is intended 
that the ionometer be used, (2) the actual temperature and pressure at 
the time the ionometer is used. 

In order to effect an accurate calibration of an ionometer by means 
of a standard chamber the temperature and pressure at the time of 
calibration need not be known. 

The temperature-pressure correction to be applied to an ionometer 
will vary from about —2.0 per cent to +4.0 per cent. For extremes 
in temperature and for the low atmospheric pressures at high altitudes 
this correction may be as large as +7.0 per cent. 


WasHINGTON, January 8, 1932. 
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THE ARC SPECTRUM OF PHOSPHORUS 
By C. C. Kiess 


ABSTRACT 


For theoretical reasons phosphorus is known to have an extensive are spectrum 
lying in the infra-red. Previous efforts to record this spectrum have proved 
unsuccessful owing to lack of sensitivity of the specially prepared photographic 
plates. Plates prepared by the Eastman Kodak Co. with a new infra-red sensi- 
tizer have permitted the hitherto unknown portion of the spectrum to be photo- 
graphed at the Bureau of Standards. About 40 wave lengths have been measured 
between 9,100 and 10,800 A. These have been classified as combinations be- 
tween quartet and doublet terms, which, without exception, are those required 
theoretically for the phosphorus atom. A survey of the entire spectrum has 
revealed the presence of seven new ultra-violet lines which give the connection 
between the doublet and quartet systems. From the series-forming terms the 
value of the lowest term ‘g it, is found to be 90,000 cm giving an ionization 
potential of 11.11 volts. 
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I. INTRODUCTION 


Until recent years our knowledge of the spectrum emitted by 
neutral phosphorus atoms was limited to the two pairs of ultra- 
violet lines which Kayser! described as characteristic of the arc 
spectrum. These lines, at wave lengths 2,554.9, 2,553.3, 2,535.6, 
and 2,534.0 A, were also designated by de Gramont? as the raies 
ultimes of phosphorus. In 1924, however, a notable extension of 
the arc spectrum was made by Miss Saltmarsh*® who observed it 
down to 1,671 A in the extreme ultra-violet. Her list of wave 
lengths begins with the characteristic group of four lines near 2,550 A 
and contains several other related groups which she arranged into 
multiplets of the doublet system. 

About that time an effort was made at the Bureau of Standards to 
detect the deep red and infra-red lines which were suspected of being 
present in the arc spectrum of phosphorus. This effort was inspire 
by the discovery of doublet and quartet system multiplets of nitrogen ‘ 
in the near infra-red. The spectrum of a Geissler tube containing a 
small amount of red phosphorus was photographed, but no lines were 





' Handbuch der Spectroscopie, vol. 6, p. 242, 1912. 
‘Compt. rend., vol. 146, p. 1260, 1908. 
Phil. Mag., series 6, vol. 47, p. 874, 1924. 
‘Science, vol. 60, p. 249, 1924; vol. 61, p. 468 1925 
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detected in the region which could then be explored with specially 
sensitized photographic plates. With the advent, a few years ago, 
of neocyanine’® as a sensitizing agent, a second attempt was made ty 
get the phosphorus arc lines of long wave length, but the efforts 
were again fruitless. Quite recently some experimental photographic 
plates containing a new infra-red sensitizer were sent for test to the 
Bureau of Standards by Dr. C. E. K. Mees, of the Eastman Kodak 
Co. Phosphorus was included among the various elements whos 
infra-red spectra were easily recorded on these new plates. The 
results of this most recent attempt at extending our knowledge of the 
spectrum emitted by the neutral P atom are presented in this report. 


II]. EXPERIMENTAL PROCEDURE 


The source used in these most recent experiments to obtain the 
phosphorus spectrum was the arc in air. For some of the observa- 
tions red phosphorus was mixed with powdered graphite and the 
mixture packed into a cored graphite electrode. But these electrodes 
emitted an intense carbon band extending from 9,150 to 10,500 A, 
which masked all but the more intense phosphorus lines. Examina- 
tion of the copper arc spectrum revealed that it has only a few !ines 
in the region from 9,000 to 11,000 A. The graphite electrodes were, 
therefore, abandoned in favor of cored copper electrodes into which 
small rods of a P-Cu alloy were inserted. This alloy contained 30 
per cent phosphorus and melted rather rapidly in the arc leaving 1 
crater-like depression in the electrode. Into this at intervals of a 
minute or two small beads of red phosphorus moistened with water 
were inserted. 

The observations of the infra-red region were made with the 
spectrograph carrying the concave grating ruled by Anderson with 
7,500 lines per inch. This instrument has been described elsewhere.‘ 
To get the lines of shorter wave length, which for theoretical reasons 
we know must exist, a survey was then made of the entire spectrum 
from 2,150 A in the ultra-violet to the infra-red, using the grating 
with 20,000 lines per inch and the Hilger EF , quartz spectrograph in 
addition to the Anderson grating. The results of this survey were 
the detection of seven new lines in the ultra-violet, the significance of 
which is pointed out below, and the demonstration of the fact that 
the light source employed in these observations is not adequate to 
bring out the fainter phosphorus lines originating in the higher 
energy levels of the atom. 

As stated above, this investigation owes its success to the infra-red 
plates kindly sent to us for test purposes by Doctor Mees. The 
stronger phosphorus lines were recorded on them in exposures of 15 or 
20 minutes. To secure the faintest lines that were measured, ex- 
posures up to two hours were required. For photographing the 
green, ve ow, red, and near infra-red regions special plates, also 
supplied by Doctor Mees, were used. All the spectrograms obtained 
in this investigation contained exposures to the Fe or Ou arcs also, to 
furnish the standards required in the derivation of the phosphorus 
wave lengths. 





5J. Opt. Soc. Am. & Rev. Sci. Inst., vol. 12, p. 397, 1926. 
¢ B. S. Sci. Papers Nos. 312, 441, and 499. 
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III. RESULTS 
1. WAVE LENGTHS AND INTENSITIES 


The phosphorus wave lengths, which were derived from measure- 
ment of the spectrograms described above, are recorded in the first 
column of Table 3. Except for a few lines of intensity 0, which were 
measured on only one plate, all the wave lengths are the means of 
two to six observations and are referred to values of the Fe lines 
which have been adopted as secondary standards.’ The intensities 
are visual estimates only. Owing to the changing spectral sensitivity 
of the photographic plates, the intensities recorded for groups of lines 
in different portions of the spectrum are not comparable with each 
other and are to be interpreted only as showing the relative strengths 
of the members of the group. 


2. STRUCTURE OF THE ARC SPECTRUM 


Nearly all the lines of Table 3 can be interpreted as combinations 
between terms, which according to atomic theory represent the differ- 
ent energy levels of the atom. Phosphorus, of atomic number 15, 
has 15 extra-nuclear electrons of which 10 fill all the allowed positions 
in the K and L shells, leaving 5 to be distributed among the available 
s, p, d orbits of the M shell. The terms arising from the various config- 
urations assumed by these 5 valence electrons when the atom is at 
rest and excited are shown in Table 1. Those printed in heavy type 
are the ones identified in this investigation or by McLennan and 
McLay,® who, several years ago, interpreted Miss Saltmarsh’s obser- 
vations on the basis of the present theory of spectroscopic terms. 
The numerical values of the identified terms are given in Table 2. 
These are based on the value zero for the ground term 3p*Sju,. The 
metastable terms 3p?D° and 3p?P° are involved in the doublet system 
multiplets arranged by Miss Saltmarsh. The connection between 
these terms and those of the quartet system is supplied by the seven 
new lines discovered in the ultra-violet as shown in Tables 3 and 4. 
As indicated in Table 1 only terms with *P of P II as limit have been 
found. The relative positions of the identified terms are illustrated 
by Figure 1. 





’ Trans. Internat. Astron. Union, vol. 3, p. 77, 1928. 
* Trans. Roy. Soc. Canada, series 3, vol. 21, p. 63, 1927. 
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Figure 1.—Term diagram of P 
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TaBLE 1.—Theoretical terms of P I 


Basic term of P IT 
Electron configu- |__ 


ration : 
i 1D 
38-3) | 2P°, 2°, 48° | 
382-3p?- 48 2p ‘Pp 2D 
38-3p?-4p | 25° 29°. 3p. a, 4, {De sp? 4° 3¥e 
332-3p?-3d | 2P, 2D, *F, 4*P, 4D, *F | 2S, 2P, 2D, 2F, 24 
TABLE 2.—Observed terms of P I 
Term type » Av ee | Term type v av 
St, 0. 0 | ‘Dix | 65,3781 76 
2Diy« 11, 365. 8 15. 5 | | 4*Dfx 65, 454. 7 134. 
2Dsx | 11, 381.3 "““1>) 3p || *Diy | 65, 589. 6 | 902. 
2 Pixs 18, 727. 2 25. 5 | | 4D8x6 66, 79 Siew 
d 2P ing 18, 752. 7 eer | 
| § PSs. | 66, 347. 9 | 16 
‘Py, | 55, 944 | ‘4Pix | 66, 364. 7 | > 
P ‘Pye | 56, 095 -m | | “Px, | 66,5486) 183 
‘Pog 56, 344 249 |p 48 | ‘Six =| 66, $39.0 
2 Pov, 57, 880. 9 297. 6 | | 
Pi, =|: 8, 178. idee | Dis | 66,817.6 |  5n 
2Dsy =| 66, 874. 7 | 7 
Xi 65, 160. 9 |  3PBx 67, 975.2) y47 
s 2 Pog 67,9162 | o19 9 3d | *Pix =| 68, 092.4 | , 
*Pig 68, 135. 4 Tee | 
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TABLE 3.— Wave lengths observed in the arc spectrum of phosphorus 





cA | Intensity | Vacuum wave Term combinations 


| number 


10, 813. 9, 245. 57 48' Poys—4p' D3 
10, 681. 9, 359. 48 48 Piy—4 p' Dix, 
10, 596. § 9, 434. 14 484 Pyc—4 p' Dig 
10, 581. 9, 447. 85 48! Poy —4n' Diy, 
10, 529. 9, 494. 57 4s Piys—4 p' Dic 


10, 511. 9,510.81 | 4s'Po.—4p'Dix 
10, 455. ¢ 9, 561. 36 

10, 448. 9, 568. 15 

10, 432. 9, 582.67 | 

10, 204. 7 9,796.71 | 48*Pix—4p?Pix 


10, 172. 9, 828. 22 

10, 146. 9, 852. 72 

10, 124. 9, 874. 46 

10, 084. 9, 913. 77 4s°?P\y— 4p? Pix 
9, 976. 10,020.66 | 48*Pr—4p*Pix 


9, 903. 10, 094. 43 48? Poy —4 p? Pi, 
9, 834. 10, 165.39 | 

9, 796. 10, 204. 64 48*P»,.—4p' Pi, 
9, 790. 10, 211. 62 43*Py—4p? Pig 
9, 779. 10, 222. 81 


9, 776. 10, 225. 39 

9, 760. 10, 242.18 | 

9, 750. 10, 252.83 | 4s*Py—4p'Pix 
9, 734. 10, 269. 68 484 Piy.—4 pt Pix 
9, 706. 10, 299.23 | 


9, 676. 10, 331. 

9, 639. 10, 371. 

9, 608. 10, rt 48 Pyy,— 4 p' Pi, 
9, 593. ! 10, 420. 8° 4s Pyy—4p' Pic 
9, 563. 10, 453. 6 4s'Pyy.—4p! Pix 


9, 545. | 10, 473. 4s Px—4 p?Di 
9, 525. 7 10, 494. 484 Poy—4 Sing 
9, 493. 10, 530. 6 4s Py,—4 p? D3, 
9, 452. 10, 575. 
9, 441. 10, 588. 


9, 435. 10, 595. 

9, 323. 10, 722. | 48'Pis—4p? Dig 
9, 304. 10, 744. | 48*Pi—4ptSiy, 
9, 278. 10, 774. 

9, 193. 10, 873. | 484 Po.— 4p? Dix 


9, 175. 10, 895. 484 Pox.— 4p Sing 
9, 153. 10, 922. O¢ 

2, 688. 37, 191. 3p? Pin—4s' Pow 
2, 677. 37, 342. 3p? Pin—4s' P33, 
2, 675. 37, 367.76 | 3p*Pix—4s'Pix 


2, 554. 39, 128. 2 3p? Pix —4s? Pos 
2, 553. 39, 153. | Sp? Pix—4s? Pox 
2, 535. 39, 425. | 3p*Pix~—4s? Pix. 
2, 534. 39, 451. |  3p?Piy—4s*Pis 


2, 235. | 44, 713. | 8p*Diy—4s'Pig 
2, 234. 9¢ 44, 729. | 8p*Diy—4s*Pix 
2, 223. ‘ 44, 963. | Bp*Diyg—48tPoy. 
2, 222. 44, 978. 3p*Din—4s* Pax 
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TABLE 4.—Multiplets from the transitions 4s—3p and 4p-—>48 


4s? Poy 
57,880.9 


(57, 881) 


3p Dig 


11, 381. 3 | 


3p Dis, | 


11, 365. 8 


65, 791.8 
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2, 149. 81 
46, 515.7 
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30 


2, 554. 93 | 


39, 128. 28 
40 


2, 553. 28 | 
39, 153. 57 | 
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4p! Diss | 


65, 589. 6 
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Among the faint lines remaining unclassified occur the difference 
57.1 and 21.4, which, reference to Table 2 shows, are the separation 
between the terms *Stse, 2Diy, and *D3, coming from the 4p electron, 
It is possible to bring these lines into the classification scheme, by 
the new terms can not be checked from the existing wave- length 
data. 

3. SERIES AND IONIZATION POTENTIAL 


The terms from the 3p and 4p electrons form sequences fro 
which the distances to the series limits and, consequently, the ioniza. 
tion potential of the atom may be found. The ground term °P of the 
first spark spectrum of phosphorus, which is the limit of the series 
detected in PY. has been established by Bowen ® and is characterized 
by the Av’s 304. 6 and 165.3. According to Hund” the terms ‘S, 
2Dsy, and *Pi, converge to *P2, while Dy, and *Pxs converge to 1p, 
Applying these facts to the P I series the separations of the ground 
states of the arc and first spark spectra have been calculated as set 
forth in Table 5. The mean of the five determinations falls con. 
veniently near 90,000 cm~', which is adopted, for the present, as the 
value of 3p *S%,. From this an ionization potential of 11.11 volts is 
derived for the neutral P atom. 


TABLE 5.—WSeries limits of P I 


{ | 
| 
3p * Pir 3p *Pix | 3p *Dis | 3p Dix 
+ Pp 4 | 9D 4 | 3 


| 
| 
| 
| 


3p ‘Six | 


Distance from limit, em=!___ Pe a ee eto 91,887 | 71,037 71,158 | 78, 485 
Reduction to 3s?. 3p? *P.», P es ost j —470 —165 | —470 | —165 | 


Reduction to 3s?. 3p4 ‘Siss, i re Ged 4 0 +18, 727 +18, 75 3 | +11, 366 | 


| 
| 
| 
4 


91, 417 89, 599 89,441 | 89, 686 | 
| 


Mean ‘Sty—'Po= 90,000 cm~! 
Ionization potential = 1.2345 90,000 10-4= 11.11 v 


4. SPECTROCHEMICAL AND ASTROPHYSICAL TESTS FOR PHOSPHORUS 


The ultimate rays of phosphorus are given by the term combina- 
tion 3p*S*—4s*P. These lines, lying at 1,774.8, 1,782.7, and 
1,787.5 A, and classified several years ago by McLennan and McLay, 
fall outside the range of ordinary spectrographs and can not be 
relied on for making spectrochemical analyses. The group of four 
lines near 2,550 A, chosen by de Gramont, must continue to serve 
this purpose. As shown in this investigation, they originate in one 
of the metastable states of the atom and must be designated as 
penultimate lines, according to the terminology of Russell." 

If phosphorus is a constituent of the sun and stars its presence 
will be betrayed most probably by the infra-red lines resulting from 
the transition 4p—>4s. The homologous element, nitrogen, is repre- 
sented in the sun by only one very faint line at 8,680.4 A given by 
the term combination 2s *P.,—2p *D3,. The corresponding line 
of phosphorus lies beyond the fast recorded wave length i in the solar 


* Phys. Reyv., = 29, p. 510, 1927. 
10. Linienspektren ond periodisches System der Elemente, p. 184, 1927. 
1 Astrophys. J., vol. 61, p. 223, 1925. 
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spectrum, but the other infra-red phosphorus lines fail to show any 
agreement with the solar lines listed in the Revision of Rowland’s 
Preliminary Table of Solar Spectrum Wave Lengths.” 
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SOME PHYSICAL PROPERTIES OF LEVULOSE AND ITS 
ESTIMATION BY COPPER REDUCTION METHODS 


By Richard F. Jackson and Joseph A. Mathews 


ABSTRACT 


Fundamental physical properties of levulose have been determined in order to 
facilitate its quantitative determination. Densities of aqueous solutions are 
given at 20° and 25° C. for concentrations 0 to 70 per cent. Expansions have 
heen measured over a 50° temperature interval. The density of crystalline 
levulose is shown to be 1.598. Refractive indices of levulose solutions have been 
measured at 20° and 25° C. between 0 and 90 per cent concentration. The 
saccharimetrie rotations of levulose solutions have been measured at 20° and 
95° and the change of rotation over a 50° interval of temperature determined. 

Copper reduction methods for the determination of levulose have been studied. 
Nyns’s selective method for the estimation of levulose has been modified by 
specifying a period of 75 minutes’ digestion at 55° C. (instead of 150 minutes 
at 49° C.). An electrometric method for the estimation of cuprous oxide is 
described. The errors of analysis have been reduced by attention to details. 

Simplified methods of computation have been devised which permit the rapid 
calculation of the levulose content of sugar mixtures. 
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I. INTRODUCTORY 


The ketose sugar, levulose, or d-fructose, promises in the future ty 
assume an importance in some degree commensurate with its aby. MiBrec 
dance and intrinsic value. It is widely distributed in natural prod. 
ucts in which it may occur existing in a free state, or combined wit} 
other hexoses to form compound sugars, or condensed to form poly. 
saccharides of high molecular weight. It has been shown in a previoj 
article’ that crystalline levulose can be prepared from potentially 
abundant sources by a process capable of industrial developmen; 
Such a process requires accurate and rapid methods of analytic, Hiab 
control. Numerous foodstuffs, many of them long-established itu 
articles of diet, contain levulose whose content has hitherto been by Miia 
roughly gaged. su 

The accurate assay of all these materials requires a quantitative Mifur 
knowledge of the fundamental properties of pure levulose and it iw! 
aqueous solutions. The present communication is intended to con. Miu! 
tribute data on the physical properties of levulose and on reduction 
methods for its estimation. While the investigation can not be 
considered exhaustive, each step has been carried out with the inter- 
tion of meeting the needs of ordinary analytical precision. 
















II. PURIFICATION OF LEVULOSE m 

The levulose which served as the main source of supply for the 
experiments described in the present article had previously bee 
prepared from the juices of the Jerusalem artichoke by hydrolysis 
with sulphuric acid, defecation and precipitation with lime, and 
crystallization from aqueous solution by the method described by 
Jackson, Silsbee, and Proffitt.? It consisted of relatively large well- 
formed tilted cubes and was already approximately 99.5 per cent 
pure. Additional supplies of levulose were derived from inulin 
obtained from dahlia juices. From the inulin the levulose wa: 
crystallized either directly after hydrolysis or after hydrolysis and 
precipitation with lime. 

For further purification the sugar was dissolved in about an equal 
weight of water, treated with carbon, filtered, and evaporated in 1 
vacuum to a thick sirup. The sirup was transferred to a glass ja, 
admixed with alcohol, seeded, and the jar tumbled end over end in: 
motor-driven apparatus until eryeteliaiusn was complete. The 
crystals were purged in a centrifugal machine and thoroughly washed 
with alcohol. Characteristic experimental results are assembled in 


Table 1. 


cel 


Ce) 


TABLE 1.—Recrysiallization of levulose from alcoholic solution 


| { { 





; Wi 








Caleu- | cpeanct Yield of dry 
n® | Weight lated epee Weight | crystals we 
| thick | Levulose) ofsirup | Welebt | nol (oy | Of aloo” |——___—__—___—— . 
owe of levu- | salien 101 | ] wl 
ray lose | a | Weight | Per cent 
| | | eff 
Per cent | g qg | Per cent | g g 
| 1.508 89, 2 807 800 95 | 346 482 60 
| 1.508 89. 2 1, 078 962 | 100 353 735 76 ‘ 
| 1. 5133 91.3 359 328 95 144 211 64 ‘ 





1 Jackson, Silsbee, Proffitt, B. 8. Sci. Papers No. 519, vol. 20, p. 519, 1926. 
2? See footnote 1. 








ra tel Properties and Estimation of Levulose 405 
The method of purification was so effective that a single recrystal- 
zation of levulose, already fairly pure, produced samples which in 
re t) mpeneral could not be distinguished by our measurements from those 
bu. fgrecrystallized two or three times. All samples which were used for 
rod amithe measurements of physical properties were recrystallized at least 
with gatwice. . I 
poly. After a period of air drying the crystals were further dried at about 
vioiy ep0° C. and were stored in a desiccator. Although levulose is somewhat 
ially Mehygroscopic, the pure crystalline substance can apparently be com- 
:Mepletely dried by simple measures. Samples prepared as described 


















nent , : - 
icy] above usually contained no more than 0.02 per cent of residual mois- 
shel ature. Extensive experimentation showed that this could be elimi- 


nated by warming to 50° C. in a thin layer for about two hours. 
uch a sample was further heated at 70° C. for about 30 hours without 
further loss. It was then heated at 60° to 70° C. in a vacuum chamber 


but 


itive . - 
1 its without loss of weight. If heated to much higher temperatures the 
con fesubstance suffers loss of weight as a result of decomposition.* 


‘tion 
t be 


ten. 


III. DENSIMETRIC MEASUREMENTS 


1. DENSITIES OF LEVULOSE SOLUTIONS 


For a relatively short range of concentrations the densities of 
aqueous solutions of levulose have ‘abe been determined by a 
number of investigators,* usually incidentally to measurements of 
its rotatory power. For the purpose of extending the range of con- 
centrations and of aiding in the critical selection of valid existing 
data additional density measurements have been made and are 
reported below. 

Densities were measured in the present investigation by means of 
flasks whose necks, 6 mm inside diameter, were graduated in 10 
divisions at intervals of 0.02 ml. The volume reading could be made 
to one-tenth of one of these divisions thus permitting a precision of 
two units in the fifth decimal of density for a flask holding 100 ml. 
The largest of these flasks contained at the lowest graduation mark 
jual @!26.333 ml at 20° C, For concentrations up to 24 per cent this 
na Meask was used exclusively. For concentrations from 30 to 60 per 
jar, cent at least one measurement was made with this flask at 10 per 
ng @eccat intervals, while additional measurements were made with flasks 
The @@econtaining 48.461 and 25.303 ml, respectively. The flasks were 
hed Mae ulibrated frequently at 20° and 25° C. and were found to have kept a 
| in Qe Constant volume within 0.002 ml during the course of the investigation. 

The volumes of the smaller flasks could be observed with the 
same precision as that of the larger flask, but the percentage errors 
of observation became three and five times as great, respectively. 
lt was, therefore, necessary to weight the observations in accordance 
with their respective accuracies. This was done by summing up the 
weights of levulose and of solution and the volumes of solutions 
which had approximately the same concentration, thus obtaining in 
efect one large solution for computation of data. In these averaged 
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The conclusions respecting the drying of levulose are in harmony with previous work on this subject. 
ba peg of previous work see Browne’s Handbook of Sugar Analysis, p. 20. John Wiley & Sons, 

ew york, 1912. 

‘Landolt u. Bornstein Tabellen, vol. 1, p. 468, 1923. 
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values (Table 3) the data obtained with the larger flasks predoy;, 
nated in proportion to their volumes. 

The levulose, prepared and dried as previously described, wa 
introduced into the weighed flask and weighed. The sugar was dix. 
solved and the air removed from the solution by warming slight} 
and applying a vacuum, care being exercised to avoid loss by spatte. 
ing. Water was then added to some point within the graduate 
scale and after mixing by a rotary motion the flask was placed in; 
thermostat for at least a half hour before the final observation , 
volume. The neck of the flask was dried by a stream of filtered gir 
Since the manipulation was time-consuming, mutarotation was cop. 
plete before the final observation of volume. 

The volumes of all solutions below 20 per cent concentration wey 
measured at 20° and 25° C. Solutions of higher concentration; 
were measured at 20° and at 25° C. or at some neighboring tempen. 
ture which was carefully observed. 

At-the time of each weighing the density of the air in the balance 
case was determined by weighing a glass bulb whose true mass had 
been determined by A. T. Pienkowsky, of this bureau. All weighis 
were reduced to vacuum, the density of levulose being assumed 1.58 
in accordance with a determination described below. 

The data are assembled in Tables 2 and 3. Sylvia M. Goerge 
has made a least square adjustment of the data in Table 2 and 
computed the formulas (1) and (2). 


D® =0.99823 + 0.0038893 p-+0.0000140 p? 
D* = 0.99708 + 0.0038557 p+0.0000139 p? 


which are valid between 0 and 20 per cent levulose. 

The observed densities of the dilute solutions in Table 2 show 
mean deviation from the formulas of two units in the fifth decimal 
for both temperatures. We, therefore, believe that the formulas are 
valid to some units in the fifth decimal and have solved them for | 
per cent intervals between 0 and 20 per cent levulose for purposes 
of tabulation. These calculated densities are given in Table 18, p. 437. 

The data for the higher concentrations are given in Table 3. An 
adjustment was made by the method of least squares, yielding the 
formula, 


D?? = 0.99936 + 0.0037842 p + 0.00001636 p’ (3 


which is valid between 24 and 70 per cent. A comparison of the 
densities calculated from the formula with the experimental data 1 
Table 3 discloses a mean deviation of 6 units in the fifth decimal. In 
our judgment the fourth decimal of the adjusted densities is reliable 
within about one-half a unit and we have, therefore, solved the for- 
mula between 24 and 71 per cent for 1 per cent intervals to the fourth 
decimal for tabulation in Table 18, p. 437. Formulas (1) and (3 
yielded essentially identical values between 20 and 24 per cent. 
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TaBLE 3.—Densities at 20°C. of levulose solutions of higher concentration; 


Weight | Weight 
levulose solution 
(vacuum) | (vacuum) | 


Number of deter- 
minations 


| Concentra- 


| ~ 
hen 20 p* Residuy 
; | solution ale Obs - 
tion =| | calculated ) 

at 20.0° C, | observed formula (3)! Caled 


9 Per cent | ml. 
34. 0572 | 39. 24.452| 126.418 1. 10176 1. 10167 
61. 9334 | 98. 31.255 | 174.813 ; 1. 13361 
145. 2537 55. 40.831} 301. 193 j 1. 18114 | 
173.6622 | 342. 833 50.655 | 278.040 , 1. 23302 | 
117. 1697 | ; 60. 08 | 151. 643 } 1, 28579 
23. 4329 | 33. 886 69. 15 25. 303 ; 1. 33927 





1 (3) D?P=0.99936-+0.0037842 p+0.00001636 p?. 


2. MEAN EXPANSION OF LEVULOSE SOLUTIONS BETWEEN 20° Anp 
as” =. 


By subtracting formula (1) from formula (2) and dividing by the 
difference in temperature we obtain formula (4), which is the meat 
change of density per degree between 20° and 25° C. 


AD 
ote (0.000231 + 0.00000672 p — 0.0000000224 p?) 


valid between 0 and 20 per cent levulose. 

The solutions of concentration higher than 20 per cent were mate 
up primarily for the determination ‘of density at 20°, but their den. 
sities were also measured at 25° C. or some neighboring temperature 
which was in each case accurately observed. The data are shown in 
Table 4. In order to adjust these density measurements to 25° the 
mean change of density per degree between 20 and the temperature 0! 
observation was computed for each solution. Since the change of 
density with temperature is not exactly linear, it was necessary 10 
apply a correction to the measurements of those solutions whos 
densities were determined at temperatures other than 25° C. This 
was computed by assuming that the deviation of levulose density at 
other temperatures was the same percentage of the mean change 
between 20° and 25° C. as the deviation of densities of sucrose soli- 
tions of similar concentration. This assumption was justified by the 
agreement shown between the corrected density coefficients of the 
same levulose solutions observed at different temperatures. The 
corrected coefficients given in column 12 of Table 4 were averaged for 
groups of similar concentrations in columns 13 and 14. These dats 
were adjusted by the method of least squares yielding the formula, 


a = — (0.0002145 + 0.00000795 p—0.0000000136 p’) 
At 


which is valid between 20 and 70 per cent levulose and 20° and 
25° C. By application of this formula to the densities at 20° C. the 
data at 25° C. were computed to four decimals and are included 11 
Table 18, p. 437. 


7 at nf lonalanee enlaiizonsae of higher concentrations 
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The change of volume with temperature is related to the change of 
density with temperature by 


OF we | ee Vet 
a ee! | eee tees tee nies 


Expansion coefficients calculated from the density-temperature coef. 
cients by this equation have been included in Table 18, p. 437. 


3. CORRECTIONS TO BE APPLIED TO BRIX HYDROMETERS IMMERSEp 
IN LEVULOSE SOLUTIONS 


The densities of levulose solutions deviate appreciably from thoy 
of sucrose solutions of the same percentage composition. In order ty 
calculate the correction at 20° C. to be applied to hydrometers whic) 
are standard for sucrose solutions at 20°, it is merely necessary ty 
compute the ‘‘ Brix” of a levulose solution of known concentration by 
referring its density to the sucrose density table. The departure o{ 
the percentage of sucrose found from the percentage of levulose in the 
given solution is the correction to be ated to the reading of a Brix 
hydrometer. 

To determine the corrections for temperatures other than 20° ( 
we have available the density-temperature coefficients described in 
the previous section. The handbooks on cane sugar analysis ° have, 
in conveniently tabulated form, the corrections to be applied to the 
Brix hydrometer for changes of temperature of sucrose solutions 
The corrections for levulose solutions would differ from these in the 
ratio of the respective expansion coefficients of levulose and sucrose 
solutions. The mean expansion coefficients of sucrose between 20’ 
and 25° C. were calculated from the sucrose density tables ® and cou- 
pared with the coefficients of levulose. Levulose solutions have 
higher expansion coefficients than sucrose solutions. At a concentr- 
tion of 10 per cent the ratio of the coefficients is 1.12; at 20 per ceat, 
1.20; at 30 per cent, 1.22; at 40 per cent, 1.19; at 50 per cent, 1.23; at 
60 per cent, 1.28; and at 70 per cent, 1.33. The corrections for sucrose 
were multiplied by these respective ratios to give the corrections [or 
levulose for the change of temperature only. These corrections wer 
then added algebraically to the corrections at 20° to give the total 
corrections to be i to Brix hydrometer readings. The resulting 
corrections are tabulated in Table 19, p. 438. 

From the data at hand it would be feasible to construct a Baumé 
scale of levulose densities by application of the formula ’ 


145 
Yer) = LE, — 
Degrees Baumé= 145 Specific gravity (20°/20°) 


4. EXPANSION OF LEVULOSE SOLUTIONS AT WIDE TEMPERATURE 
INTERVALS 


In the analysis of solutions containing levulose it is frequently 
necessary to determine polariscopic readings at widely divergent tel 
peratures. These readings must be corrected for the expansion 0! 


$ For example, B. 8S. Circular No. 44, p. 128. 
6 Landolt u. Bérnstein Tabellen, vol. 1P. 463, 1923. 
7 Bates and Bearce, B. S. Tech. Paper No. 115. 
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the solution in order that both readings may be referred to the same 
volume concentration of solute. 

A convenient volume-measuring apparatus was made by sealing a 
5 ml graduated pipette to a long narrow glass bulb. This was care- 
fully calibrated by weighing it filled with distilled water and reading 
ithe change of volume at various temperature intervals up to 100° C. 
‘The accuracy of the calibration was attested by the fact that the glass 
‘itself showed a constant cubical expansion coefficient. 

For analytical methods it is convenient to use the temperature 
Ninterval 20° to 70° C. As indicated in Table 5 a mean change of 
0.044 ml per 100 ml per ° C. may be taken for solutions of about 5 per 
cent concentration and 0.045 for about 18 per cent concentration. 


TaBLE 5.—Expansion of solutions between wide temperature limits 
| 
| Concen- | Temper- 


| tration | ature 
of solids | interval 


| | 
| g/100ml |} °C. 
18.4 |20 - 6 
Pee MR de eee cans ag vedlile dudsemehatebig ts tins cmhthnerapeeal 4.7 |20.4- 70 
3.5 |20.6- 69 


WM ascctsa sete tae epee kins saan tensa nedegaNecccersa teed taknben see «a Sf tec = Te 





- 50 | 
artichoke sample 1__...---.-.-- bey at ares se oe 51 eS La 
22 -100 | 


1 An 80 g sample of ground fresh artichokes hydrolyzed with HCl, defecated, made to 325 ml, and 








filtered in preparation for analysis. 
5. DENSITY OF CRYSTALLINE LEVULOSE 


Since many of the calculations in the present investigation required 
a reduction of the weights of crystalline levulose to a vacuum, a 
determination of the density of the cubelike crystal form of levulose 
was considered necessary.® 

For the measurement of density a flask was used of about 20 ml 
| volume with a neck 3 mm in diameter graduated in 10 divisions of 
0.0056 = each. The volume could be observed to a precision of 
0.001 ml. 

Pure dry levulose was weighed in the calibrated flask, and the flask 
| was filled with dry toluene saturated with levulose at 20°C. Air 
trapped in the crystals was removed by applying gentle suction while 
rotating the flask. The mixture was made to volume at 20.0°C. and 
reweighed. Three independent determinations of the density of levu- 
lose and of the toluene saturated with levulose were made. All 
wel were corrected to vacuum. The density (2) was found to 
F be 1.598. 


oie. 17. : oe <> 
* Previously announced values: d a , 1.669 (crystal form not specified), Int. Critical Tables, vol. 1, p. 203, 


Index No, 1674; d i 1.555 (needles), Handbook of Chemistry and Physics, Hodgman and Lange, Chem. 
Rubber Co., 13 ed., p. 356, 1928. 
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TABLE 6.—Density of crystalline levulose 


| Weight | 

pure Volume bp 
| toluene | toluene | toluene 
| (vacuum) 








l 
| | 
Weight | otal | Volume | Volume | pe 


Mae, aed 
| Jevulose | toluene | volume | toluene | levulose | levulose 


| (vacuum) (voce) 





| 
| 
| 


| } 
} 9 ™m | g | g ml mie | 
| 18.0143 20.794 | 0.86632 | 10.7459 | 12,1948 20. 801 075 | 6.726 | 1.5977 
18, 0330 20.814 | .86639 | 3.8529 | 15.9482 20. 820 3 | 2412 | 1.5074 
| 18,0075 20.783 | .86645 | 6.7969 | | 20.790 .538 | 4.252 | 1.5084 


Average_.....- | . 86639 | pe hee 











eee ececese |oenene---- 





IV. REFRACTIVE INDICES OF LEVULOSE SOLUTIONS 


The convenience and precision of the modern refractometer make it 
desirable that this instrument become available for the determination 
of levulose concentrations. For the measurements recorded below. 
three instruments were employed, namely, a Zeiss immersion refrac- 
tometer, a Valentine refractometer of the Abbe type, which permitted 
an estimation of the fifth decimal of index, and for the highest con- 
centrations an Abbe instrument, permitting an estimate of the fourth 
decimal. 

The indices of solutions ranging from zero to about 20 per cent were 
measured by means of a Zeiss immersion refractometer. This 
instrument had previously been carefully calibrated at five points by 
L. W. Tilton, of this bureau, by means of salt solutions whose indices 
were determined on a precision spectrometer. It was our privilege 
to consult Mr. Tilton frequently during the course of these experiments 
and his assistance is gratefully acknowledged. 

The measurements were made in a large thermostat containing 
about 200 liters in which temperature was maintained within 0.01° of 
constancy. Preliminary experiments showed that unless the tem- 
perature of the room was closely the same as that of the bath the flow 
of heat through the barrel of the instrument affected slightly the 
temperature of the small body of solution under observation. It was 
deemed necessary then to control the temperature of the whole 
refractometer as far as feasible. For the final readings the levulose 
solution was contained in the metal cup provided with the refracto- 
meter. The instrument itself was inserted in a large glass tube 77 mm 
in diameter and 28 cm long containing enough water to immerse the 
metal cup. The glass tube was immersed in the water of the large 
thermostat nearly to its upper rim and the mouth was stuffed with 
cotton cloth. Thermometers placed in the thermostat, in the water 
surrounding the cup, and in the air about the barrel of the refractom- 
eter showed essentially identical temperatures. Under these favor- 
able conditions of temperature regulation the line of total reflection 
was exceedingly sharp and permitted a precision of setting within 0.1 
or 0.2 of a drumhead division, or 0.01 or 0.02 of a scale division. 

The instrument was illuminated by a frosted lamp placed in a large 
test tube immersed in the water of the thermostat, the light being 
reflected at the proper angle by a submerged mirror. 

Concentrations of levulose were selected to coincide with the 
calibrated points on the scale. Before or after each determination, 
readings were made with distilled water. Throughout the whole 
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series this ‘‘zero point”’ remained constant at 14.42+0.01 at 20.00° 
C, All readings were corrected to correspond to a reading of 14.50 
at 20° C. or 13.25 at 25° C. for distilled water as defined by the 
arbitrary scale of the instrument. These readings are equivalent to 
indices of 1.33300 at 20.00° and of 1.33252 at 25°. 

The arbitrary scale readings were translated into indices of refrac- 
tion by means of the table of equivalents supplied by the manufacturer. 
Since the scale of the instrument had been calibrated by measurement 
of solutions whose indices were known, and since the instrument 
corrections were small, the indices of levulose solutions here presented 
are probably closely equivalent to absolute measurements, although 
admittedly they do not have the validity of measurements made with 
a spectrometer. It is the purpose of this bureau to undertake abso- 
lute measurements at some future time. 

While the precision of setting of the line of total reflection was 
usually 0.01 or 0.02 scale division, corresponding to some units in the 
sixth decimal of refractive index, confidence is placed only in 0.1 scale 
division or 3 or 4 units in the fifth decimal. There are apparently 
some factors beside precision of setting which are as yet imperfectly 
controlled. 

Great caution must be exercised in the use of the arbitrary scale. 
The data presented here refer solely to readings made on instruments 
eraduated according to the scale as originally proposed by Pulfrich.’ 
On this scale, 14.5 is equivalent to 1.33300; 50.0 to 1.34650; and 100.0 
to 1.36464. If instruments are used which do not conform to the 
original system, the arbitrary scale readings must first be converted 
to refractive indices before reference is made to the index tables 
presented below. 

In Table 7(a) are presented the observed data at 20° and 25° C. 
Sylvia M. Goergen has computed by the method of least squares inter- 
polation formulas (6) and (7) which are valid between 0 and 20 per 
cent levulose, and has ascertained the agreement between the calcu- 
lated and observed data. 


n2° = 1.33300 + 0.0014159 p + 0.00000491 p? (6) 
n2 = 1.33252 + 0.0014059 p+ 0.00000487 p? (7) 


The indices and scale readings at integral percentage concentrations 
are given in Table 20, page 438. 

The measurements for the range 18 to 86 per cent levulose (Table 
7(b)) were made with the Valentine refractometer of the Abbe type 
in a thermostated room maintained at 20° C. The temperature of 
the prisms was further controlled by water circulated from a thermo- 
stat. The readings at 25° were made in a laboratory whose tempera- 
ture was uncontrolled, but the circulating water was carefully con- 
trolled at approximately 25° C. Temperature corrections resulting 
irom deviations of the circulation water from the standard tempera- 
tures were small and could be applied with but little uncertainty. 

Indices for the range 86 to 89 per cent (Table 7(c)) were measured 
with the Abbe refractometer. Both of these Abbe type refractom- 
eters had been calibrated at several scale points. 


‘Z.f. angew. Chemie, p. 1186, 1899. 
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All solutions were made up by weighing the pure dry levulose anq 
adding the calculated amount of water. The supersaturated 
solutions were prepared by dissolving the sugar in hot water, but the 
final weighing was not made until the resulting solutions were cooled, 
All percentages are expressed in terms of weights in air with brag 
weights. 

Least square adjustment yielded formulas 


np = 1.33344 + 0.0013625 p+ 0.000006645 p? 
np = 1.33312 + 0.0013415 p+ 0.000006762 p? 
which are valid between 20 and 63 per cent levulose, and 


np = 1.33377 + 0.0013570 p + 0.000006680 p? (10) 


n2° = 1.33345 + 0.0013360 p+ 0.000006800 p? (11) 


valid between 63 and 90 per cent levulose. The experimental and 
calculated data are included in Table 7 and the computed indices 
for 1 per cent intervals in Table 20, page 438. 


TaBLE 7.—Refractive indices of levulose solutions 
(a2) MEASURED ON IMMERSION REFRACTOMETER 


Be Pe ERP Eee re a ee eM OMe See ee ee ee ee ee ——__——— 

—v ih | Zeiss im- Zeiss im- | | 

Weight Weight | Concen- | mersion Deviation | mersion | | Deviation 

levulose, | solution, trati | 1 f \ } f 

air, brass| air, brass | ation of; scale | rom scale | rom — 

wei “hts | weights levulose reading 4 | formula (6) | reading . formula (7 
s maa | t= 20,0° 1 | t=25.0° 


| | | 

| Percent | | 

| 0 5 | 1.33300 
4.862 | . 34001 
4.961 | ; | 1.34016 
8. 416 .76 | 1.34528 


| 
| 
| 
8.618 j . 34560 | 
11.855 | ‘60 | 1.35043 | 
15.151 | ' | 1.35557 | 
19. 098 2.11 | 1.36185 | 


| 


1, 35494 
1. 36115 








! The arbitrary scale units employed here conform solely to the system as originally proposed for the 
immersion refractometer; thus, for example, 14.50=np 1.33300; 100.0=1.36464. (Pulfrich, Zeit. f. angew 
Chemie, p. 1186, 1899.) ; 

3 Derived from table of equivalents which convert arbitrary scale readings into indices of refraction. 
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Matheu 
TaBLeE 7.—Refractive indices of levulose solutions—Continued 


(6) MEASURED ON VALENTINE-ABBE REFRACTOMETER 


Weight | Weight | Goncen- 20 Deviation | 25 Deviation | 
| levulose, | solution, |erstionot|  ™p BPs. from 


from 
| air, brass | air, brass | ob | observed 
weights | weights levulose ie served | formula (8) | observ formula (9) | 





g g 
1.0850 | 5.7274 ‘ 1. 36157 
1. 0688 4. 6561 1, 36822 
1.1919 | 4.4228 1. 37503 
1.4402 | 4. 6590 1, 38197 
17.1008 | 54.8660 . 1. 38239 | 


44.7960 | 143.1180 i 1. 38259 
2.0925 | 6. 5822 ‘ 1. 40035 
| 











23, 4678 57, 2366 A | 1,40046 
61. 3617 149. 3230 ‘ | 1.40059 


15.6291 | 31.1260 | 50. | 1.41856 
79.5900 | 155. 9480 ; 1. 42030 | 
18.7201 | 32.2222 | 58.12! 1. 43510 
98.3700 | 162.6270 | 1.44013 





Weight Weight 
levulose, | solution, | tration of | 


: from 
air, brass | air, brass | levulose | aed 


from 
weights weights formula (10) | observed (formula (11) | 


Concen- | Deviation | : | Deviation | 


g Per cent 
33. 8590 4 1. 45964 +0. 00006 
7. 7837 75. 1.47383 | +.00013 | 
11. 2766 5. | 1.47524 | +.00014 | 
6. 1826 3. 1.48188 | +.00003 
5. 8752 82. : | 1.49062 | —.00012 
14. 6504 . 1. 49093 +. 00002 
5.4159 | 85. 1, 49954 —, 00016 


(c) MEASURED ON ABBE REFRACTOMETER 


6. 3893 86. 826 . 5019 
11. 6725 ; . 5052 
12. 1401 3 . 5065 
12. 2217 88. | . 5073 
12. 3035 . . 5082 





. SACCHARIMETRIC NORMAL WEIGHT OF LEVULOSE 
1. MEASUREMENTS OF SACCHARIMETRIC ROTATIONS 


No measurements have previously been published of the rotatory 
power of levulose in terms of the white light of the quartz-wedge 
saccharimeter. Since this instrument is the most convenient means 
of carrying out polariscopic analysis, the experiments here described 
were made to determine the normal weight of crystalline levulose 
a which in 100 ml of solution reads —100° S. and the normal 
weights (W) of aqueous solutions which, when diluted to 100 ml, 
show rotations in negative sugar degrees equal to their respective 
percentage concentrations. The distinction between Wo and the 
variable weights W is necessarily introduced because the rotation of 
levulose does not vary strictly linearly with concentration. Let it 
be noted that in the following discussion Wo alone represents the 
normal weight of pure crystalline levulose, while the W’s represent 
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weights of solution of pure levulose in water. The latter will yicld 
polariscopic readings equal to their percentage concentrations. 

In the absence of direct measurements it has previously been 
customary to assume that the normal weights of sucrose and levuloge 
were in the inverse ratio of their respective specific rotations. This 
involves the assumption that the rotatory dispersions of levulose and 
sucrose are identical. Since the latter assumption has not been veri. 
fied experimentally, and since the specific rotation itself is known with 
little certainty, any computed value of the normal weight is but an 
approximation. 

The present measurements were made with a Bates type Fric 
saccharimeter which had been used in previous similar investigations, 
Its negative scale was calibrated against the quartz plates which 
serve as primary standards of this bureau, and whose absolute rota. 
tions have been measured many times on a high precision polarimeter, 
The sugar values of these plates were expressed in terms of the norma! 
quartz plate as measured by Bates and Jackson.’® According to 
this standardization the normal quartz plate rotates 40.690° for 
= 5,461 A, and 34.620° for \=5,892.5 A at 20° C. 

The solutions whose rotations were measured were those whose 
concentrations and densimetric data are tabulated in Table 2. The 
readings were made in water-jacketed polariscope tubes whose lengths 
were accurately known. ‘Temperatures were observed frequently by 
means of calibrated thermometers and were, in general, constant for 
long periods of time within 0.02° to 0.05° C. The saccharimeter was 
illuminated by a 100-watt lamp, the light from which passed through 
a 15 mm column of 6 per cent potassium dichromate before entering 
the instrument. Before observation the solutions usually had stood 
for at least two hours, and therefore, mutarotation was in every 
instance complete." 

All temperature corrections were reduced to a minimum by careful 
temperature control. The corrections for variations in temperature 
of the quartz wedges were calculated by assuming a temperature 
coefficient of quartz of 0.000144.” 

In order to apply proper temperature corrections for the levulose 
solutions, rotations were observed at 20° and at 25° C. Since the 
concentrations had also been previously determined at both tempere- 
tures, this procedure served the purpose of determining the normal 
weights at both temperatures as well as providing a reliable means of 
correcting for small deviations from the two standard temperatures. 

For computing the rotations, all operations and apparatus, includ- 
ing quartz wedges, were adjusted or corrected to the two respective 
standard temperatures. 

The observations are recorded in Tables 8 and 9. The normal 
weights at the respective concentrations were computed by dividing 
the number of grams of levulose (c) in 100 mlx 100 by the observed 
rotation. 

100 Xe , 

Obs. pol. W 
10 B.S. Sci. Paper No. 268, vol. 13, p. 67, 1916. 
11 According to Hudson and Yanovsky (B. 8. Sci. Papers No. 533, vol. 21, p. 271, 1926) the mutarotation 


velocity constant is 0.082 at 20° C. 
2 Bates, Bull. B. S., vol. 2, p. 245, 1906, 
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These values vary with concentration in the same manner as the 
specific rotation. The observed normal weights were correlated 
with the concentrations by the method of least squares, yielding the 


formulas ; 
W -2 = 18.803 — 0.01801 ¢ — 0.000191¢? (13) 
(14) 


W 25 = 19.446 — 0.02061 c — 0.000141c? 


in which c is the number offgrams of levulose in 100 ml weighed in air 
with brass weights. 

From the adjusted normal weights the adjusted polarizations were 
computed by dividing each concentration by the respective adjusted 
normal weight. The deviations of the observed polariscopic readings 
from the computed readings are shown in columns 6 of Tables 8 and 9. 

The normal weight of the normal solution or the concentration of 
levulose required to read exactly — 100° S. was calculated from for- 
mulas (13) and (14) by imposing the condition that c= Wo.'* Upon 
solution of the resulting equations we obtain 18.4067 g, for the normal 
weight (Wo) of levulose at 20°, and 19.0030 g at 25° C. We shall 
accept the values 18.407 and 19.003, respectively, waned’ in air with 


brass weights. 
TABLE 8.—Saccharimetric rotations of levulose solutions at 20° C. 
2 
Weight | 
Tevulose 
in 100 ml | 


(air, brass 
weights) | 


Observed 
polariza- 
tion at 


| Devia- 

re —| Observed 
po- | normal 

ization weight 


Calcu- 
| Lev ulose | | i 

| (vacuum) 

| 


] 
arog 
tio 


p¥ 


——_—__ | — ee 


Per cent | 


5. 5909 
8, 9977 
9. 5341 
13. 4846 
15. 3442 


17. 222 
17. 229 
17. 289 


"17 962 


g 
| §. 7018 
9. 3017 
9. 8771 
14. 1916 
16, 2737 


18. 4063 
18, 4146 
18. 4821 
18, 5472 
19. 2444 





°s “a 
30. 50 
49. 96 
53. 09 
76. 59 
88. 16 


100,00 | 
99.96 | 
100.46 | 
100.89 | 
104 67 | 


| 
x(-1) x(—1) | x 
| 
| 


1, 02041 
1, 03437 
1, 03656 
1, 05318 
1, 06119 


1, 06937 
1, 06044 





1, 07259 -.0! 








TABLE 


Levulose | 


(vacuum) 


Per cent 
5. 5909 
8. 9977 

13. 4846 

15. 3442 


l — es 


| Weight | 
levulose | 

in 100 m! | 
| (air, brass | 
| Weights) 


9.—Saccharimetric rotations 


[ | Devia- 
Caleu- | tion 
lated obs. — 
| polari- 
zation 


| X(=21) | 


| 

| Observed 

ma polariza- 
D4 


tion 


| cale. po- 
lariza- 


X(—1) 





g 
5. 6944 
9. 2880 
14. 1709 
16. 2479 


18. 3758 
18. 3834 
| 18. 4520 
| 19,2104 





13 This yields the cquatiens 


The ¢? 


Cim20= 18.803 —0.01801 c—0.000191 c? 
Cm95= 19.446—0.02061 c—0.00014) c? 


culated values for solutions approximately normal. 





g 
18. 701 
18. 611 
18. 597 
18. 519 
18, 471 


18.404 | 
18.397 | 
18.400 | 
18. 406 

18 38s | 





of levulose solutions at 25° 


| 


Observed | 
normal | 
weight | 


18. 407 
18 406 
18. 405 
18. 403 
18. 385 


C. 


Calecu- 
lated 
normal 
weight 
formula 


19, 324 
19, 242 
19, 125 
19. 074 


19. 019 
19. 019 
19, 017 
18. 998 


terms were determined numerically with sufficient accuracy by interpolation between two cal- 
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If the polarization were to indicate directly the percentage of levy. 
lose in the sample taken for analysis, it saat 8 be necessary to take g 
different normal weight for each concentration. It is more convenient 
to employ a constant normal weight and apply corrections for the 
deviations of rotation from constant proportionality. To determine 
these corrections, formulas (13) and (14) were solved for each integra] 
value of c from 1 to 20 g yielding the respective normal weights, 
Each value of ¢ multiplied by 100 and divided by its respective 
normal weight yields a numerical value equal to the actual rotation 
for each concentration. But each value of c divided by the constant 
normal weights 18.407 and 19.003 yields the percentage of levulose 
in the sample taken for analysis. The deviation of the actual rotation 
from the percentage of levulose is a measure of the correction to be 
applied to the polarization in order to give the true percentage 
composition of the sample. These corrections are given in Table 21, 
page 439. 


2. CHANGE OF POLARIZATION OF LEVULOSE BETWEEN WIDELY 
SEPARATED TEMPERATURES 


The high temperature coefficient of the rotatory power of levulose 
suggests that polariscopic readings at widely separated temperatures 
may serve as a measure of the concentration of the sugar.'* The 
measurement is in a high degree dependent upon the efficiency of the 
apparatus used for temperature control. The measurements reported 
below were made in water-jacketed continuous polariscope tubes, 
400 mm in length, constructed of Monel metal. Within the water 
jacket was placed a spiral baffle which imparted a rotary motion to 
the water stream, thus greatly increasing the velocity of water over 
the surface of the tube. We acknowledge gratefully the assistance 
of M. J. Proffitt and J. A. Bogan in the designing of these tubes. 

Water was supplied by centrifugal pumps operating in thermostats 
held at the high and low temperatures, respectively. The tempera- 
tures of polarization were observed by means of thermometers eee 
in the circulating water immediately before its entrance into and after 
its emergence from the water jacket. In general, the water stream 
was so abundant and rapid that the two thermometers showed closely 
agreeing temperatures. The mean of the readings of the two ther- 
mometers was assumed to be the true temperature of the solution. 
The stem corrections of the thermometers were carefully calculated 
for the high temperature observation. 

The observations for concentrations of levulose from 3 to 9 ¢ 
in 100 ml were made in a 400 mm Bates-Fric saccharimeter. The 
remaining measurements were made in a Schmidt and Haensch 600 
mm instrument with a quartz plate of +100.05° sugar value placed 
in series with the tubes. 

Corrections were made for the deviation of the temperature of the 
quartz wedges and the quartz plate from the standard temperatures. 
We suggest as a matter of definition that the high temperature 
polarization be measured with the quartz wedges at the same tem- 
perature as that of the low temperature measurement. ‘The expan- 
sion of the solution at the high temperature was corrected for by 
using the expansion coefficients given in Table 5. 


u“ re Seaview of this subject see Browne’s Handbook of Sugar Analysis, p. 297, 1912, John Wiley & Sons, 
New Yor 
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The experimental data shown in Table 10 indicate that between 
room temperature and about 70° to 75° C. 1 g of levulose in 100 ml 
changes 0.0344° S. for each degree change in temperature. Contrary 
to Vosburgh’s’® conclusions, our data show no systematic deviation of 
the coefficient with concentration of sugar. The measurements 
indicate that levulose can be determined by this method with a mean 
precision of about one-third of 1 per cent of the quantity measured. 
This degree of precision has, however, been secured only by great 
attention to detail and by averaging a considerable number of 
observations. 


TaBLE 10.—Change of polarization of levulose between wide temperature intervals 





| 
ion'at| ature (tion at| ature T ATX Fr wee 
tC. | t4C. | tt ts? C. a | 


: | 
a —_ \Polariza-|Temper- Polariza-|Temper- AP 
in 100 ml | obser: | © 


at 20° C, beac | | 
ah SiS ee ee 

8. ‘ 
10, 84 y 5. 0.03439 | 2.988 | —0.07 


ws | °Ss. Per cent 
3.000 | 15.94 | 20.10 | 
6.000 | 8 | 3221 | 19.59 | 21.56 | 70. . 6 .03456 | 6,026 +. 43 
9. 000 3 | 48.46 | 19.70 | .03428 | 8.967 | —.41 
12.000 | | 62.90 | 24.13 | . 8 03473 | 12.111 +. 93 
15.000 | | 78.78 | 24.13 | 57 «| «75.16 51. 03 .03424 | 14.927 —.52 

| 

| 

| 

| 


18.000 | 95. 02 24. 00 


] 
| 


. 03428 17. 934 —.35 








) Se ) eee Bs eee ee 





Average.|....... SD neaonwat Sls eae bible den 
| | 


1 Polarizations are corrected for length of tube and temperature of quartz wedges. 


VI. COPPER REDUCTION METHODS FOR TOTAL REDUCING 
SUGAR 


1. METHOD OF MUNSON AND WALKER 


| 





The method of Munson and Walker" is well adapted to the 
determination of total reducing sugar over a wide range of concen- 
trations. In the articles in which the method was originally described 
the authors gave the copper equivalents for dextrose and invert sugar 
but no equivalents for levulose. In order that this widely employed 
method might become available for sugar mixtures having a high ratio 
of levulose, we have made analyses of pure levulose for the purpose of 
determining the respective copper equivalents. 


The details 7 of the analyses were carried out rigorously in accordance with 
Munson and Walker’s specifications, except that copper was determined by 
thiosulphate titration instead of by direct weighing of the copper precipitate. 
The titration method is less tedious and eliminates many of the uncertainties 
inherent in gravimetric analysis. 

Immediately preceding the analysis of each levulose solution a similar analysis 
was conducted with a standard dextrose solution of such sugar content that both 
precipitated approximately the same weight of copper. 

In Table 11 are shown the data obtained. Columns 2 and 3 show that the 
present experiments are in essential agreement with Munson and Walker’s data 
on dextrose. Column 6 shows the weight of levulose (calculated from columns 
4 and 5) which yields the same weight of copper (column 2) as the dextrose in 
column 1, and column 7 the ratio of weights of the sugars. These observed ratios 
were plotted against the weight of dextrose and from the smoothed curve the 
— in column 8 were read. The reciprocals of these values are given in 
column 11, 


4 J. Am. Chem. Soc., vol. 42, p. 1696, 1920. 

J. Am. Chem. Soc., vol. 28, p. 663, 1906; vol. 29, p. 541, 1907; vol. 34, p. 202, 1912. 

" Quoted paragraphs are reprinted from the Report on Chemical Methods for Reducing Sugars, by R. F. 
Jackson, associate referee (J. Assoc. Official Agri. Chem., vol. 13, p. 199, 1930). 
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From column 8 it is apparent that the reducing ratio is a function of the cop. 
centration of sugar. Evidently the practice of employing a single-valued ratio, 
regardless of concentration of sugar, is hazardous, unless it has been demonstrated 
that the ratio is constant. 

In column 10 are the ratios of weights of invert sugar to dextrose computed 
from Munson and Walker’s table. If it is assumed that the reducing power of g 
sugar mixture is an additive property of the constituents, the ratios of invert 
sugar to dextrose can be extrapolated to those of levulose to dextrose, as is done 
in column 9. A comparison of these extrapolated with the experimental ratios 
(column 8) reveals a serious discrepancy. Either the rule of mixtures is inaccurate 
or some error exists in the experimental data. Such error may occur either jp 
the present data for levulose or in Munson and Walker’s values for invert sugar, 


TABLE 11.—Copper-reducing equivalents of dextrose and levulose by Munson and 
Walker’s method 


bay Weight | Munson 
Weiss roe wean federnn Ratio of | , a oe 

feight | Yeight | | yielding tatio Jalker’s 

dextrose eos | ——e levulose Cornet e | lose to | from | table |§ 

taken Walker’s taken dextrose | curve | extrapo- 

table as dex- beeen 1 lated to 

one levulose 


| 0 


mg | mg 
374.7 } | 374.9 
374.7 | 4 | 874.1 
306. 8 , | 303.1 
235. 4 27. 231.0 


198.3 | 106. 194. 4 
171.5 | 94.03 | 173.6 
130.2 | 70.52 | 130.8 
87.9 | 47.01 | 88.8 





2. LANE AND EYNON’S VOLUMETRIC METHOD 


More expeditious and in most instances more precise than the gravi- 
metric estimation of total reducing sugar is the volumetric method 
of Lane and Eynon.’* The method is described in the references 
cited and may be used without modification for the analysis of sugar 
mixtures containing levulose. 

In their tabulation of empirical factors Lane and Eynon give the 
values for dextrose, invert sugar, and levulose. Inasmuch as levulose 
in natural products is almost invariably accompanied by dextrose 
in widely varying ratio, it has been found desirable to tabulate factors 
interpolated at 10 per cent intervals between pure dextrose and pure 
levulose. The interpolated factors are given in Table 22, page 439. 

The degree of precision attainable by this method is to a consider- 
able extent dependent upon the skill and experience of the analyst. 
As a corollary of this fact individual procedure and possible variations 
in the composition of the reagents may cause variations in the standard 
factors. It is therefore important that the analyst standardize lus 
own analysis by titrating pure solutions of the respective sugars, 
thus ascertaining the correction to be applied to Lane and Eynon’s 
tables. The correction can be applied uniformly to the tabulated 
factors or to the burette reading. 





18 J, Soc. Chem. Ind., vol. 42, p. 32, 1923. J. Assoc. Official Agri. Chem., vol. 9, p. 35, 1926. 
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The calculation of levulose in a levulose-dextrose mixture deter- 
mined by methods to be described below is necessarily based upon 
the uncorrected factors interpolated from Lane and Eynon’s data. 
For this purpose it is necessary to compute what the burette reading 
would be if Lane and Eynon’s factors applied to the titration without 
correction. The correction to the burette reading (for 25 ml of 
Soxhlet reagent) is most conveniently determined by reference to the 
last three columns of Table 22, page 439. 

The method of derivation of the quantities in this table is as follows: 
The factor correction found as described above by titrating 25 ml of 
Soxhlet solution with a standard reducing sugar solution is 


— 


=i00 7 (15) 


c 


in which e=factor correction (difference between determined and 
tabulated factors), S=mg of reducing sugar per 100 ml in solution 
taken, 7=observed titration, and F=factor in Lane and Eynon’s 
table corresponding to the observed titration. Lane and Eynon’s 
factors satisfy the equation 


F, = (119.36 + 0.0471 T,+7.3 R) (16) 


where 7',= titration in ml and R=ratio of levulose to total reducing 
sugar. The factor for any titration is 


where ¢ is the factor correction from equation (15). Since 


F 
100 7 = mg sugar 


Fy 


~10022 
10077 = 100 


T, 


119.36 +0.0471 T)+7.3 R_119.36+0.0471 7,+7.3R+¢ 
T» T; 
hence 
ry 1 ee __ Ty oy 
1 10=199.36+7.3 R Sie 
To solve equation (17) we must know the ratio of levulose to total 
reducing sugar as well as the titer and factor correction. Since in an 
unknown solution we do not know the ratio, R, and as Ty will differ 
irom T; by a very small amount, we can write as an approximation 
Lomi eT, ; i cT; 
P.— To= 119.364 (7.3X0.50) 123.0 (18) 


in Which we assume that the ratio is 0.50. The introduction of the 
approximation influences the value of the correction by a negligible 
amount, as the following example shows. 
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Assume that the observed titration of a pure levulose solution was 
25.00 ml and the factor correction was 2.0. From equation (18) 
we obtain 

T:- T)=0.41 ml 
and 
Ty = 24.59 ml 


whereas from the more rigorous equation (17) 
Ty) = 24.61 ml 


The difference between the two calculated values is within the experi- 
mental error of the titration. 

The corrections in Table 22 were calculated from equation (18). 
It should be noted that when the factor correction, c, is positive, the 
titer correction is to be subtracted from the observed titer and vice 
versa. 


VII. BIOURGE AND NYNS’S SELECTIVE DETERMINATION 
OF LEVULOSE 


1. INTRODUCTORY 


In an effort to distinguish between levulose and dextrose by reduc- 
tion methods Biourge ® made the important observation that at 50°C. 
the quantity of copper reduced in Ost’s reagent by levulose was ten 
times as great as that reduced by dextrose. At a later period Nyns”™ 
elaborated the principle and determined the copper-levulose equiva- 
lents for a wide range of sugar concentrations. Notwithstanding 
Biourge’s observation that dextrose had an appreciable reducing 
action under the conditions of the analysis, Nyns stated that neither 
dextrose nor other hexoses reduced even traces of copper. In a pre- 
liminary study of the method Jackson * found that dextrose exerted 
a reducing action equivalent to about one-thirteenth of the reducing 
power of ieoulin. This ratio appeared to be constant regardless of 
the relative concentrations of levulose and dextrose. 

Important contributions to the method have been made by Zerban 
and Sattler ” and by Schuette and Terrill.” 

Nyns’s method proved extremely serviceable for the estimation of 
levulose in numerous products. For immediate purposes it was used 
in unmodified form, but the long period of digestion (2% hours) made 
it tedious and time consuming. In order to render the method more 
convenient and reliable we suggest the modifications described below 
which permit a shorter time of digestion, an accurate and rapid 
method of copper determination, occasional agitation during reduc- 
tion, and higher concentrations of copper sulphate (25.3 g)* in 
Ost’s reagent. The agitation of the solution during reduction was 





19 Bull. assoc. école sup. brasserie Louvain, January, 1898. 

oe eee vol. 44, p. 210, 1924. Bull. assoc. école brasserie Louvain, vol. 25, p. 63, 1925. C.A., vol. 19, 
p. 1236, 1925. 

1 J. Assoc. Official Agri. Chem., vol. 9, p. 178, 1926. 

2 Ind. Eng. Chem., vol. 2, p. 307, 1930. 

% J. Am. Chem. Soc., vol. 52, p. 4960, 1930. 

Although the articles by Zerban and Sattler, and Schuette and Terrill, have a direct bearing on the 
present article, lack of available space prevents a detailed discussion of their conclusions. 

™% Nyns ere 15 g of copper sulphate. For a discussion of the concentration of copper see article by 
Zerban and Sattler, footnote 22. 
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suggested by Zerban and Sattler in order to obviate the unequal dis- 
tribution of copper, an occurrence which we also had observed in 
analyzing samples of high levulose concentration. 


9, EFFECT OF TIME AND TEMPERATURE UPON THE REDUCTION 
REACTION 


In an effort to shorten the 2%-hour period of digestion specified by 
Nyns the reduction was carried out at various temperatures, the 
amount of copper reduced being determined at appropriate intervals 
of time. Parallel experiments were conducted in which the samples 
contained either pure levulose or levulose admixed with known 
weights of dextrose. The temperatures selected were 48.6°, 54.8°, and 
58.8° C. The experimental results are shown diagrammatically in 
Figure 1. The reduction occurs relatively rapidly in the early stages 
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Ficurge 1.—Rate of reduction of copper in Ost’s solution by levulose at various 
temperatures 





of the reaction and continues more slowly for an indefinite period. 
The terminal point of 2% hours selected by Nyns is evidently arbitrary 
and does not represent a definite end point. The filtrate from the 
reduced copper continues to reduce more copper even upon standing 
at room temperature. 

The curves at 54.8° and even at 58.8° show a retardation in the 
rate of precipitation in the later stages of the reaction and permit the 
arbitrary selection of a terminal point. For the reduction at 54.8° 
the reaction approaches completion in about 75 minutes, or one-half 
the time specified by Nyns. This period was deemed sufficiently 
convenient for regular operation, ol moreover, the reducing effect 
of dextrose was found to be about one-thirteenth of that of levulose, 
as had proved to be the case witn Nyns’s original method. For 
further investigation, therefore, the temperature of 55° C. and the 
ume of 75 minutes were selected. 
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3. AN ELECTROMETRIC METHOD FOR THE DETERMINATION orf 
REDUCED COPPER 


In Nyns’s process for the selective determination of levulose the 
most tedious or most uncertain step has in the authors’ experience 
been the determination of reduced copper. The most expeditious 
method is the permanganate titration process originally devised by 
Mohr and adopted by Nyns for his method. The permanganate 
method has in practice proved less reliable and convenient than 
theoretical considerations would lead one to expect and has, in 
general, had but limited application. 

A priori considerations led to the belief that if potassium dichro- 
mate could be substituted for permanganate the defects inherent in 
processes which required the use of the latter reagent could be elim- 
inated. Of greatest importance for the present purposes it permits 
the use of hydrochloric acid which has a greater solvent effect on 
cuprous salts than has sulphuric acid. The end point of the titration 
is determined electrometrically. * 

We have investigated the quantitative aspect of the analysis by 
titration of cuprous oxide produced under the conditions of leviulose 
analysis as carried out by the modification of Nyns’s method, which 
is described below. 

The total copper in 50.00 ml of Ost’s reagent was determined by 
acidification and electrolysis of six different portions, five of which 
deviated from the mean by 0.0, 0.1, or 0.2 mg, the remaining one by 
0.4 mg. The mean copper content was found to be 320.2 mg. 

From the same volume of reagent the copper was precipitated 
quantitatively as Cu,O by reduction by a 5 or 10 per cent excess of 
levulose and titrated with standard dichromate. From other 50 ml! 
portions the copper was partially precipitated by levulose and ti 
trated with dichromate. The acidified filtrate was subjected to 
electrolysis to determine the unreduced copper. The sum of the 
copper by titration and by electrolysis of the filtrate was then con- 
pared with the total copper in 50 ml of Ost’s solution. The acidifica- 
tion of the original reagent or the filtrate was carried out in 500 ml! 
Erlenmeyer flasks fitted with a trap to prevent loss by entrainment 
in the large volume of carbon dioxide which was evolved. 

Elec trolysis was carried out in a volume of about 200 ml containing 
3 ml of sulphuric acid and 1.5 ml of nitric acid in excess of the acid 
required to neutralize the carbonate. Copper was deposited on plat- 
inum gauze electrodes by a current of about 0.18 ampere flowing ior 
a period of about 17 hours. The absence of copper from the elee- 
trolyzed solutions and from the completely reduced Ost’s solutions 
was assured by the absence of discoloration after addition of hydrogen 
sulphide. E xperimental results are shown in Table 12. 


6G. 8. Forbes and E. P. Bartlett, J. Am. Chem, Soc., vol. 35, p. 1527, 1913. 
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Vothews 


TaBLE 12.—Determinations of reduced copper in 50 ml of Ost’s solution by 
electrometric dichromate titration 


[Total copper taken, 320.2 mg. 1 ml of dichromate equals 10 mg of copper] 
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+. 03 
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olteo Jitt+ ++)53 


1 
1 
4 
g 


Average |.......- 


320.26 | +0.17 +0. 05 
! 





Evidently the electrometric dichromate titration of cuprous oxide 
precipitated from Ost’s solution is about as accurate as the electro- 
lytic method and incomparably more rapid. An effort was made to 
extend the method to the determination of copper precipitated from 
Soxhlet’s solution. The results were, however, less satisfactory than 
those cited above. Further experimentation will be required to 
determine its reliability. 


4. STANDARD SOLUTIONS 


Potassium dichromate-—This substance is available from com- 
mercial sources in very pure form. A quantity of the ‘“‘C. P.” salt 
was recrystallized and dried at 150° C. A standard solution, NX- 
0.15730 was prepared by dissolving 7.7135 g of the purified salt and 
making to 1 liter at 22° C. One ml of such a solution is equivalent 
to 10.00 mg of copper. During subsequent titrations changes of 
volume resulting from deviations from this temperature were cor- 
rected for by assuming an expansion coefficient of 0.00020. 

Ferrous ammonium sulphate-—A solution, NX0.1573, was _pre- 
pared by dissolving 61.8 g of the commercial C. P. hexahydrate, 
adding 5 ml of concentrated H,SO, and making to 1 liter. This 
solution lost about 0.3 per cent of its reducing power per day. The 
practice during the present investigation was to titrate it against 
the dichromate solution at the beginning and at the end of each 
series of analyses. During the few hours lapse of time no appreciable 
change was observable. 

Osi’s solution.—Dissolve 250 g of K,;CO; (anhydrous) in about 
700 ml of hot water and add 100 g of pulverized KHCO;. Agitate 
until completely dissolved. Cool and add with very vigorous agita- 
tion a solution of 25.3 g of pure CuSQ,.5H,O in 100 to 150 ml of 
water. Make to 1 liter and filter. 


5. ANALYTICAL PROCEDURE 


Transfer 50 ml of Ost’s reagent to a 150 ml Erlenmeyer flask and 
add by means of an accurately graduated pipette a volume of the 
solution to be analyzed which contains not more than 92 mg of 
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levulose or its equivalent of a levulose-dextrose mixture, remem. 
bering that dextrose has about one-twelfth of the reducing power of 
levulose. Add enough water to make the total volume 70 ml. Im. 
merse in a water bath regulated preferably within 0.1° C. at 55° (. 
Digest for exactly 75 minutes, agitating with a rotary motion at 
intervals of 10 or 15 minutes. 

At the expiration of the prescribed time filter the precipitated 
copper on a closely packed Gooch crucible and wash flask and filter 
thoroughly without attempting to transfer the precipitate quanti- 
tatively. It is well, however, to transfer all of the loose-lying cuprous 
oxide, leaving in the flask only the small portion which adheres to 
the walls. Remove the asbestos mat by means of a glass rod and 
transfer to a 400 ml beaker. Add 5 or 10 ml of water and disinte- 
grate the asbestos mat. Add a carefully measured volume of stand- 
ard potassium dichromate (N 0.1573) in excess of the volume re- 
quired to oxidize the cuprous oxide. In many cases the expected 
amount of precipitated copper will be roughly known and it will 
be possible to gage the volume of dichromate which will supply a 
3 to 4 ml excess. If the amount of precipitated copper is not even 
roughly known it is preferable to add an amount which will supply 
an assured excess, since a very large excess introduces no uncertainty, 
provided its volume is accurately measured. Of this volume about 
1 ml is added to the original reaction flask in order that the residual 
cuprous oxide may be dissolved and subsequently added to the 
remainder of the solution. Add to the Erlenmeyer flask by means of 
a graduated cylinder about 50 ml of 1:1 HCl. Pour slowly into 
the 400 ml beaker with constant stirring and continue to stir until 
the cuprous oxide is completely dissolved. Wash the Erlenmeyer 
with a jet from the wash bottle, receiving the rinsings in the beaker. 
Examine the asbestos critically by looking through the bottom of 
the beaker, which is held above the eye. If any undissolved cuprous 
oxide remains it can be clearly discerned as dark-colored particles. 
Immerse the crucible in the acidified solution to dissolve such cuprous 
oxide as remained in it. Remove the crucible with a glass rod, 
washing it free from solution. Dilute the solution as thus prepared 
to about 250 ml and titrate the excess of dichromate with ferrous 
sulphate electrometrically. 

If a large number of samples require analysis the solutions may for 
convenience be allowed to await the titration after the addition o/ 
dichromate and hydrochloric acid. 


6. DETERMINATION OF COPPER-LEVULOSE EQUIVALENTS 


On each of six days a series of analyses was made to determine the 
copper reduced by varying amounts of levulose. The samples were 
introduced into the water bath at intervals of six or seven minutes. 
At the time each sample was immersed or removed all those previ- 
ously introduced were momentarily agitated by a rotary motion to 
insure the uniform distribution of cupric copper. At the expiration 
of 75 minutes the solutions were filtered, washed, and prepared for 
titration by one worker, while the other performed the titration and 
prepared additional samples for analysis. By proceeding in this 
manner we were enabled to perform conveniently about 25 analyses 
in a period of about four hours. An analyst working alone can per- 
form about 17 analyses in the same period of time. 
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Fieure 2.—Copper in Ost’s solution reduced by levulose in 75 minutes at 55° C. according to the-mbdified Nyns method 
99675-32. (Face p. 427.) 
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The experimental results are assembled in Table 13 and plotted in 
Figure 2. The experiments were arranged in such a manner as to 
show the reproducibility of duplicate experiments performed, on the 
same day, on different days, and after an extended period of time. 
Three different preparations of Ost’s solution were used for the 
analyses. One solution was used on March 26, 1931, and, preserved 
for the final series on April 28 in order to be assured that no change 
in results occurred after an extended period of aging. 
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Ficure 3.—Showing the variation of the levulose-to-copper ratio with varied 
concentrations of levulose 


The averaged values of the copper precipitated by each quantity 
of levulose are given in column 11. The weights of levulose divided 
by the respective weights of copper yielded the factors which were 
serviceable for conversion of copper into its levulose equivalent. 
These factors are plotted as a function of copper in Figure 3. 

Preliminary calculations made to adjust the experimental data by 
the method of least squares failed to yield an equation which repre- 
sented the data accurately. The adjustment was accordingly made by 
drawing Figure 3 on a loos scale. In determining the curve the 
points were weighted according to the number of determinations 
included in each average. The equivalents for integral weights of 
copper are tabulated in Table 23, page 440. 








id 
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TABLE 13.—Copper-levulose equivalents 
[Milligrams of copper reduced by varying amounts of levulose} 






























z bea pati : 
Ratio: 
Levulose Mar. | Mar. | Mar. | Apr. | Apr. | Apr. | Apr. | Apr. | Apr. | Aver- Ad- | Levn- 
(mg) - | .8.) m1 81-8.) +e 8 | 28° | 281 | age justed _lose 
| | Copper 
| | | | | 
= Pe kt ene eet ee 
MUR i. se 1.03 eo) As dvix 11.6) 11.7| 4.319 
ROE S Ne ctovnetlconencel MEL aed. eR cetnned a a | 26.7; 26.7] 3.738 
OR ccchekanccasl MR Tencccasd SR licceoes aes 42.1 ).......| 42.6] 45.4] 43.6) 43.7] 3.44 
9D sicwcageccethycseund eaeeel Raaetet Seeee mee eg SR eRe Faeee | 61.7! 61.0) 3.949 
__h RREES REX | ESS eR et | 78.0 |. 7.8 78.9 | 78.2) 78.7) 3.197 
30..........---| 972] 96.1| 97.4]-...... aa fu" ee 7.2 97.4| 97.1) 96.7) 3.0% 
DBS nao vcdavccdhiccnsaclatine dloscemcal MUO Ieee BG ee ee 112, 9 114.7) 3.10 
ee chit | MAR Seaiaes 2 Fea Lae loice --| 183.5 |..... ei SOS Seed 134.1 | 132.5) 2.933 
Sh sicccsnicthen dates 152.3 | 151.8 | 149.9 |.-.--..).-...-.------.]-------] 151. a 151.5 | 151. 3 | 151.0! 2974 
| | | | 
| | | 
ERE es ee eyes Re -| 160.8 |....... i | oe | 170.2 | 170.0 | 2.933 
6 CS) | EOE: UE * REE aA, ee ee ee eee 186.8 189.3) 2.944 
* Paes ee 208. 2 | 210.6 | 208.7 | 206.1 208.0 | 208.0 |....... | 206.6 | 208.0 | 208.0) 2.885 
ee ees Oe Da en res Siar Fee scencsfenccasc! SENS | O98) 2995 
Riocccsesc ce ON 8 ti S06 42572522 | 241.7 | 242.0/ 2.89 
| eee] 257-7 | 258.8 | 257.9 | 257.8 |....... 257.2 |_..-..-| 257.8 | | 258.1 | 257.8 | 257.8) 290 
eee GS RES eee eRe Kesahae + pete i Ps Sethe | 272.8 | 273.0! 2.933 
RE FE ee ee Te ee ae i: ee eee! Nee: |302.2°| 301.6 | 301.5 
1 Analyses sateen with same Ost’s solution as on Mar. 26, 


TABLE 14.—Deviations of individual analyses from adjusted table 


| Sum | Mean 
of | devia- 


| errors tion 


| ! 
Levulose Mar. | Mar. Mar. | Apr. Apr. Apr. | Apr. Apr. | Apr. | Aver- | 
(mg) 26 27 31 3 Be Pee 28 | 28 








Nicssisnsaensoiiohd Te | ree werme roreree —0.1|....... 
 MBROREERS: wisgen Ssotees meee +0.6/ 40.3] —.6|-...... | —O.1 |....... De skoninen 
sicspsinteeaial it eer $0.3 |....-.. eee | 1.6 [ooo }—22) $07] —.1 ooo 
9D. cialcied. dtadh-istda cama aandsodaunbnh erty a | Sew tere Vinee +.7 |o2. 
SE PE Sees eee t —.7 a ers ae ey —.5 | +6.2 
30 $0.5) 06) $.7).22202)0002 hein ha Rls | +.5| +.7| —.6| -5.7 
Se See eee. eee ee a Or Pee eee eee Sees —1.8 |. 
40 ¥8.91..-2553 LH RUMOR Minds hs alee, eg i 
Risdsganghr~seihe PEGs] HOP OR Bihes-rahls~--oncl-bo-seadesicone eee. +:5| +.3)...----|....... 
ee ee fet dee ae Sg aie al 
Mos Sal hl, eRe Ge ON EG ad Sp bbael | -2.5 |Fi14 | 
nsitanieibeveed |) +16) +.2/426) -13]-19] 0 0. |... pha) 0 13.2 
| 

eR A RS 0Gtet bE hic dolecasslisnded oad TE Sa J oF 
SRR 0 | +.6) —4)o- 2. Sade —1.6 [ooo moegees & hme —.8 |. 
_ SEBEL 0 +.5) +1) 0 Jee. ~.5 |..-.... | 0 eT Vice py Proeeey Scene 
enshaineledha —.9) +1] 4.3 |-----.. sezters: rere: aeneeen Spit ee vor’ ~.2| $6.3 
Bo Doe nol es we) |. $7) 4.1) -7.1 

| | | } 


1 Anatpens performed with same Ost’s solution as on Mar. 26. 


7. DISCUSSION OF ERRORS 


In Table 14 are shown the deviations of the individual analyses from 
the adjusted table of equivalents. For convenience of critical study 
these experiments have been divided into three groups representing, 
respectively, nigh, medium, and low concentrations of levulose. The 
essential agreement of positive with negative residuals in each group 
shows that the adjusted table represents fairly the experimental dats. 
For the whole series the average deviation of a single experiment is 
0.8 mg of copper. In the group of high levulose concentrations (65 
to 90 mg) the mean error of a single determination is 0.6 mg of copper. 
The average weight of copper reduced in this group of analyses was 
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973 mg. ‘The mean error of analysis was therefore but 0.2 per cent of 
the quantity measured. 

In the median range of levulose concentrations (35 to 60 mg) the 
average deviation from the adjusted copper equivalents is 1.2 mg of 
copper. ‘This error is twice as great as that in either of the two other 
croups. ‘The reason for this is not far to seek, for an inspection of 
Figure 3 shows that this is the region of greatest curvature of the 
levulose-copper ratio, and relatively large variations occur with slight 
alterations of conditions. The average weight of copper reduced in 
this group of analyses was 176 mg. The average error of a single 
experiment was, therefore, 0.7 per cent of the quantity measured. 

In the range of low levulose concentrations (5 to 30 mg) the mean 
error of a single determination was 0.63 mg of copper. The average 
weight of copper reduced was 58.8 mg. The average error of a single 
analysis was, therefore, 1.1 per cent of the quantity measured. 

In recapitulation the mean errors in the high, median, and low 
groups of analyses were, respectively, 0.2, 0.7, and 1.1 per cent of the 
quantities measured. This result corroborates the prediction made 
by Jackson * that the higher concentrations of copper in Ost’s solu- 
tion, permitting correspondingly high concentrations of levulose, 
yielded analytical results of greater precision than the Ost’s reagent 
used by Nyns. 

8. EFFECT OF DEXTROSE 


In conjunction with the analyses of pure levulose solutions described 
above similar analyses were made on levulose-dextrose mixtures. 
The experimental results which are arranged in descending order of 
ratio of levulose to total reducing sugar are assembled in Table 15. 
The total copper precipitated (column 4) was converted into its levu- 
lose equivalent by reference to Table 23, page 440. The result is desig- 
nated in column 5 of Table 15, “apparent levulose.”” The difference 
between apparent levulose and the true levulose taken represents in 
terms of milligrams of levulose the reducing effect of the weight of 
dextrose taken. The quotient of the weight of dextrose divided by 
the excess of apparent over the true levulose is the number of milli- 
grams of dextrose which is equivalent in reducing power to 1 mg of 
levulose. These values are given in column 6 of Table 15 and also 
in Table 16, which permits a more discriminating analysis of the re- 
sults. It is at once apparent from Table 16 that even for extreme 
veriations of levulose and dextrose concentrations no considerable 
systematic deviations from a constant dextrose equivalent of levu- 
lose occur. The experiments include a range of ratios of levulose to 
total reducing sugar (column 1 of Table 15) varying from 2.9 to 75 
percent. No attempt was made to determine the reducing action of 
dextrose for mixtures of higher levulose ratio, since for such mixtures 
the total effect of dextrose amounts to a very small correction, and 
any probable deviation from a constant reducing power would be 
negligible. 


"J. Assoc. Official Agri. Chem., vol. 13, p. 200, 1930. 
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TABLE 15.—Reduction of levulose—dextrose mixtures 
(Modified Nyns method] 





| ! { | | 















































Ratio: | ot 
sal ‘ . Appar- oa Dex- Cor- |» 
Levu- | Levu Dex ‘ opp ent lev- trose trose rected Error of 
| lose trose precip- a ae : levulose 
_jose | taken | taken  itated | Wlose | ; yg | taken /levulose| “rayon 
Total found levu- +12.4 | found! | 
sugar | lose | | 
= ee peF NI : ava 
| 
Per cent} mg mg mg mg mg | mg | Percent | 
100.0 | 765 0 Orie | WO) iis i. ke ws. slnyiess bind be debe al 
75.0 | 75 | 25 264.9 | 77.4 | 10.4 2.0 75.4 +0.5 | 
75.0 50 16.7 174.7 51.3 12.8 1.385 | 49.95 —.1 
61.6 | 80 | 50 284.3 | 83.9 | 12.8 40 | 79 | -1 
58.4 | 70 | 50 255.6 | 74.3 | 11.6 41 | 72.2 | +.3 
54.5 | 60 | 50 223.7 | 64.5 | 111 4.1 60. 4 +.7 
50.0 75 | 75 276.3 | 81.1} 123 | 61 | 70 | Oo | 
50.0 50 | 50 184.6 | 53.8 | 12.8 40 | 48 |. -—.2] 
| | | 
47.4 45 | 50 164.7 | 48.7 | 13.5 4.0 | 44.7 —.7 | 
45.5 25 | 30 87.6 | 27.5 | 12.0 2.4 | 25.1 +.4 | 
44.2 | 80 | 100 295.2 | 87.7 | 13.0 8.1 | 79.6 —.5 | 
41.2 | 70 | 100 268.0 | 784 | 11.9 8.1 | 70.3 +.4 | 
f } 1. _— OS | 
Mean | | | 
a lave serniancesaeedipands~aniiecspepelocsnpeacs Leacesase= 0. 35 
37.5 | 60 | 100 240.3 | 625 | 105) 8&1 | 61.4 | +23. 
37.5 30 | 50 113.0 | 34.6 | 10.9 4.05 30. 55 +1.8 
33. 3 75 | 15 293.6 | 87.1 in3 | 121 | 70 0 
31.0 45 | 100 179.9 | 52.6 | 13.1 81 | 44.5 —1.1 
25.0 50 | 150 211.3 | 61.0 | 13.7 12.1 | 48.9 —2.2 
25.0 | 25 | 75 99.3 | 309 | 133 | 61 | 248 —.6 
23.1 | 30 | 100 126.5 | 38.3 | 12.0 81 T'S's —.7 | 
23.1 15 | 50 59.6 | 19.6 | 10.9 4.1 | 15.5 +3.3 | 
16.7 | 60 | 300 286.3 | 84.5 | 12.2 | 24.25 | 60.25 +.4 
15.4 | 50 | 275 244.9 | 71.0 | 13.1 | 22.2 | 48.8 | —2.4 
| Mean 
Oe Be FRG Tht Poe Eee aoe oe Toe ee eee 15 | 
13.0 | 15 | 100 74.9 | 2.0 | 1.1 | 81 | 15.9 +6.0 | 
10.4 | 40 | 350 225.0 | 64.9 14.0 | 28.3 36.7 —8.2 | 
9.8 30 | 275 180.8 | 52.8 | 121 | 222 | 30.6 +2.0 
8.3 45 | 500 282.9 | 838.4 | 13.0 | 404 | 484 | —3.6 
5.7 | 30 | 500 238.1 | 68.8 | 12.9 | 40.4 | 28.4 —5.3 
4.8 | 25 | 500 207.7 | 60.0 | 143 | 40.4 19.6 —21.6 
29 | 15 | 500 178.7 | 52.3 | 13.4 | 404 | 11.9 —20.6 | 
Mean | 
ES Te ae: aaa e SRS Dee Eee: eee eee ine oe 9.8 


1 Column 5 minus column 7, 


The mean of all the values given in Table 16 is 12.4. The most 
generally useful part of the table will be that which is applicable 
to samples whose compositions lie in the lower left quadrant bounded 
by levulose, 45 to 80 mg, and dextrose, to 150 mg. Such samples 
may range from 20 to 100 per cent in ratio of levulose to total reducing 
sugar. Within this quadrant the mean value for the reducing action 
of dextrose is 12.3 in essential agreement with the average of all 
determinations made. If we take the upper left-hand quadrant 
bounded by levulose, 15 to 50 mg, and dextrose, to 150 mg (over- 
lapping the quadrant previously considered), the mean value is 12.3. 
The upper right-hand quadrant bounded by levulose, 15 to 50 mg, 
and dextrose, 250 to 500 mg, has the mean value 13.1. 
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TaBLE 16.—Reducing action of dextrose by the modified Nyns method 


rpabulated figures indicate the number of milligrams of dextrose which is equivalent in reducing power to 
“i 1 mg of levulose 


Sd ed ee ee eee ed Oe Oe Oe 





Viewed as a whole the data in Table 16 seem to indicate that for 


‘constant amounts of dextrose, its reducing effect is practically 


independent of the concentration of levulose. For greatly increased 


' concentrations of dextrose (for example, 350 to 500 mg) its reducing 
| power seems to decrease slightly. The most disturbing feature is the 


variability of individual analyses. These variations will, however, 
seriously affect the precision of the levulose analysis only when the 


_ dextrose content of the sample is relatively high. 


In order to ascertain the degree of precision which may be expected 
in the analysis of levulose-dextrose mixtures, we have divided Table 
15 into three sections, in each of which the mean error of analysis 


| has been computed. ‘The first group of analyses indicates that sugar 


mixtures ranging from 40 to 100 per cent levulose can be analyzed 
with a mean error of about 0.35 per cent, which is but slightly greater 
than the error of analysis of pure levulose solutions. Samples ranging 
from about 15 to 40 per cent ratio of levulose to total sugar can be 
analyzed with a mean error of about 1.5 per cent. 

Below a 15 per cent ratio the dextrose corrections become very 
large, and the errors of analysis increase greatly. Even within this 
range, however, the analytical results have some significance. One 
could, for example, determine the ratio of levulose to total sugar 
within one-half of 1 unit. For such low ratios of levulose it is prob- 
nr a direct determination of dextrose ” would yield more reliable 
resuits. 














9. EFFECT OF SUCROSE 


A limited number of analyses were made of levulose-sucrose 
mixtures in order that the modified method described above might be 
available for the determination of levulose in the products of the 
cane-sugar industry. In harmony with the conclusions of Zerban 
and Sattler we find that the effect of sucrose is small. The analytical 
results are given in Table 17. The weight of copper precipitated by 
sucrose in the presence of levulose can be represented by the formula: 


mg Cu=3.32 S—0.31 S *+0.27 (19) 


in which S$ is the number of grams of sucrose. The equation is valid 
only between 1 and 5 g of sucrose. 


” Kline and Acree, B. 8. Jour. Research, vol. 5 (RP247), p. 1063, 1930. 
99675—32——8 
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TABLE 17.—Reducing effect of sucrose in the presence of levulose by the modified 
Nyns method 


| | | 
Copper !| Copper oo 
Di PI Caicu- 








( opper | 3 
Levulos Suerose Ci D- precip- precip- ‘erage | late 
evillose uc? on re itated by | itated by Average | late a a 
— levulose | sucrose loa eae 
| | 
lig mg mg mg mg 
i0 l 30.5 | 26.7 | 3.8 
25 ai} m7} 24 ‘ 
50 1 172.6 170.0 | 26 . ? 
5 i 261. 1 257.8 | 3.3 | 
0 2 177.2 170.0 7.2 | . 
9 981.9 O57. 8 | 4] i} », 65 3. 60 
| 0 35. 3 26. 7 8.6 | 
25 87.5 8.7 9.1 9.0 9.0 
50) 179.3 170.0 9.3 { 
0 2. 4 | | 
| 
CALCULATED COPPER PRECIPITATED BY INTEGRAL WEIGHTS OF SUCROSE 
Sucrose g 1 2 3 4 5 
Copper mg__| 3.3 5.7 7.4 | 85 | 90 


1 From Table 23, p. 440. 
2 Cu (mg) =3.32 S—0.31 S?+-0.27. 


VIII. ANALYSIS OF SUGAR MIXTURES CONTAINING 
LEVULOSE 


1. INTRODUCTORY 


There are six general methods of analysis from which it is theo- 
retically possible to select three in order to determine the three 
quantities—total solids, levulose, and dextrose. If, in addition, 
sucrose is present a Clerget analysis must be performed. Aside 
from the Clerget analysis the methods to be considered are: (I 
Total dry substance by density, refractive index, or desiccation; 
(2) total reducing sugar by Lane and Eynon titration or other method; 
(3) Nyns’s levulose analysis; (4) aldose by the method of Kline and 
Acree; (5) direct polarization; and (6) levulose by temperature co- 
efficient. 

It is well known that desiccation processes for the determination 
of total solids are difficult if the sample contains levulose. The 
difficulty is greatly increased when levulose becomes the predomi- 
nating substance. We have, therefore, in the early sections of the 
present article given particular attention to the determination by 
densimetric and refractometric methods. While these methods 
yield only apparent dry substance it is probable that the values 
(especially those derived from refractive index) will be more serv- 
iceable than those derived from desiccation methods. 

From a mixture containing no optically active or reducing sub- 
stance but levulose and dextrose, a combination of any two of the 
methods 2 to 6 (except the combination 3 and 6) will yield a complete 
_ analysis. In the presence of other optically active substances 
only combinations 2 and 3, 2 and 4, and 3 and 4 will yield correct 
results. Combinations 2 and 3, and 2 and 5 will be considered 
detail. Other combinations, and in particular the question 0! 
purity determination, will be discussed in subsequent articles. 
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), DETERMINATION OF LEVULOSE AND DEXTROSE IN MIXTURES 
BY POLARIZATION AND LANE AND EYNON TITRATION. THE 
MATHEWS FORMULA 


This combination of analytical processes and the method of cal- 
culation described below are valid under the assumptions that the 
only optically active or reducing substances present in the sample 
are dextrose and levulose and that the rotation of a sugar mixture is 
the algebraic sum of the rotations of the constituents whose specific 
rotations are referred to the concentration of total sugar rather than 
io the partial concentration of each. The calculations below are 
also based upon the assumption that the titrations are made with 
reagents and procedure to which Lane and Eynon’s factors apply 
without correction. If necessary, the burette readings should be 
corrected in the manner described on p. 439 (Table 22). 

While the method of determination applies strictly only to pure 
mixtures of levulose and dextrose, it may sometimes be applied to 
crude mixtures to yield a proximate analysis by neglecting the errors 
due to optically active impurities. If the sample in question has 
previously been subjected to acid hydrolysis the error introduced in 
the analysis of plant juices is usually small. 

For a constant ratio of levulose to total reducing sugar the polariza- 
tion (P) will vary with the concentration of total sugar, while the 
titration (7°) will vary inversely as the concentration. Since for the 
reducing sugar analysis we usually must dilute the sample, the product, 


Px T, will vary with the dilution (D), but the product, oan will 


vary but slightly with dilution. It is therefore possible to tabulate 
ina brief space the ratios of levulose to total sugar as functions of the 


quantities Lint T. Thetabulation is given in Table 24, page 442. 


For convenience this method of solution will be referred to in subse- 
quent articles as the Mathews formula.” 
The rotation of any mixture in saccharimeter degrees at 20° C. is 
given by 
P ¢=29°) = — [5.31154 + 0.0064928 (x + y) a+ (20) 
[3.03537 + 0.0020837 (x + y)]y, ms 


where z and y are the concentrations of levulose and dextrose, respec- 
tively, in grams per 100 ml. 
The total reducing sugar, S, as determined by Lane and Eynon’s 
method is given by 
100F 


8-7 (21) 


Tis the titer in ml and is corrected to correspond to the factor F (see 
p. 421). Fis given approximately by the relation 


F=119.36+0.0471 T+7.3.R (16) 


z 
whe = 
re R =r 





* Vosburgh, J. Am. Chem. Soc., vol. 48, p. 219, 1921. 
‘This ingenious method of calculation was devised by the junior author. (R. F. J.) 
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S in equation (21) is related to the total reducing sugar by 




























DS=2z+y (29 


where D is the number of volumes to which one volume of the solution 
polarized is diluted for the Lane and Eynon titration. 


In constructing Table 24, page 442, the quantity ax 4 was com. 
puted for selected values of 7, D, and R from equations (20), (21), and 


AL ob 3 : , : 
(22). Since ad is not exactly linear with RD as varies, a small cor. 


; xD nh G : [ , 
rection, oe, must be applied in which f is a factor given in, 


supplementary table. An example illustrating the operation of the 
table is given on page 440. 


3. CALCULATION OF LEVULOSE IN A LEVULOSE-DEXTROSE MIXTURE 
FROM ANY METHOD OF TOTAL REDUCING SUGAR ANALYSIS 
AND THE MODIFIED NYNS’S METHOD 


If a sample has been analyzed for total reducing sugar by any 
selected method and for levulose by the modification of Nyns’s method 
described above, the resulting data are sufficient for a calculation o 
levulose and dextrose by a general method of successive approxima- 
tions. Compute from the reducing sugar analysis the total reducing 
sugar in a given volume or weight expressed as dextrose, unless the 
approximate composition of the sample is known. In the latter case 
refer the copper to the sugar mixture of that composition. From the 
Nyns’s analysis compute the apparent levulose in the same volume or 
weight of sample. Subtract the apparent levulose from the total 
sugar to obtain the apparent dextrose. Divide the apparent dextrose 
by 12.4 and subtract the quotient from the apparent levulose to obtain 
a new approximation to the levulose content. Subtract the approx- 
mate levulose from the total sugar to obtain a truer value for the 
dextrose, again divide by 12.4, continue the approximation in the 
same manner until successive calculations show a negligible change in 
the levulose. For a final calculation the copper reduced in the total 
sugar analysis must be referred to the sugar mixture of the finally 
determined composition. 

If the sample under examination contains sucrose which has been 
determined by Clerget analysis the copper precipitated in the Nyns‘ 
analysis is first corrected for the sucrose by Table 17 before the 
method of approximations is applied. 

If the total sugar is determined by Lane and Eynon titration and 
levulose by the modified Nyns’s method the tedious calculation 
described above can be avoided by the method described below. 


4. CALCULATION OF LEVULOSE IN A LEVULOSE-DEXTROSE MIX: 
TURE FROM LANE AND EYNON TITRATION AND THE MOD- 
IFIED NYNS’S METHOD 


In order to avoid the tedious procedure described in the previous 
paragraph a convenient method of solution was devised applicable 
when reducing sugar is determined by Lane and Eynon’s method. 
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Lane and Eynon’s factors for levulose-dextrose mixtures (Table 22, 
p. 439) may be expressed by 


F=119.36+ 0.0471 T7+7.3R (16) 


in which F is the factor, 7 the titer, and R the ratio of levulose to 
total reducing sugar. The total reducing sugar (S) in a sample is 


(21) 


whence 


100 SE T+7.3 Rig (23) 


The true levulose is 
L=SR 


and the apparent levulose is 


l=ZL+0.0808 S(1-R) 
=(0.9192 SR+0.0808 S 
whence 
l 


S= 09192 R+0.0808 


Combining equations (23) and (24) 


cies 
= (119.36+0.0471 7'+7.3 R) (0.9192 R+0.0808) (25) 
Equation (25) was solved for varying R and T and plotted in a 
series of curves in each of which 7 was constant. These curves 
were found to be very nearly straight lines, and even for widely 
varying values of 7 were but slightly displaced from each other. 
It was, therefore, possible to tabulate a complete series of values 
of R for relatively few values of T. In solving the analytical data 
it is merely necessary to multiply the burette reading for the Lane 
and Eynon titration by the milligrams of apparent levulose in 100 ml 
and refer the product divided by 100 to Table 25, page 444. Under 
the proper titration, T (or interpolated between two adjacent col- 
umns), the ratio of levulose to total sugar is read directly. An 
example showing the method of operation is given on page 444. 


IX. SUMMARY 


1. The densities of aqueous levulose solutions are expressed by 


D® = 0.99823 + 0.0038893 p+ 0.0000140 p’? 
D% = 0.99708 + 0.0038557 p+ 0.0000139 p? 


which are valid between 0 and 20 per cent 
DP}? = 0.99936 + 0.0037842 p + 0.0000164 p? 


valid between 20 and 70 per cent. 
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2. The mean expansion coefficient between 20° and 25° ©, ;, 


4 = — (0.000231 + 0.00000672 p + 0.0000000224 p’) 


valid between 0 and 20 per cent, and 


AD | 


hale (0.0002145 + 0.00000795 p+ 0.0000000136 p?) 









valid between 20 and 70 per cent. 

3. Corrections to convert the readings of Brix hydrometers standart 
for sucrose solutions to percentage of levulose have been compute 
and tabulated. 


; , 20° g 
4. The density of crystalline levulose ( 4° ) has been found to }y 
1.598. | 
5. Refractive indices of levulose solutions are represented by the 
formulas: 
n® = 1.33300 + 0.0014159 p+0.00000491 p? 


n2$ = 1.33252 +0.0014059 p+0.00000487 p? 
which are valid between 0 and 20 per cent levulose, and 
n® = 1.33344 + 0.0013625 p+ 0.000006645 p? 
n ¥ = 1.33312 + 0.0013415 p+ 0.000006762 p? 

which are valid between 20 and 63 per cent levulose, and 
n } = 1.33377 + 0.0013570 p+ 0.000006680 p? 
n> = 1.33345 + 0.0013360 p + 0.000006800 p? 


valid between 63 and 90 per cent levulose. 
6. The saccharimetric normal Weight of crystalline levulose is 

18. sat’ at 20° C. and 19.003 at 25° C. 
. The normal weights of dilute solutions are represented by 


W (a2) = 18.803 —0.01801 c—0.000191 ce? 
W (=25) = 19.446 —0.02061 c— 0.000141 c? 


in which c= grams of levulose in 100 ml. 

8. A table of concentration corrections for constant normal weights 
has been computed. 

9. For the temperature interval 20° to 70° C. each gram of levu- 
lose in 100 ml decreases 0.0344° S in rotation for each degree rise 1 
temperature. This value appears to be independent of concentration 
of sugar. 

10. Determinations of the copper reduced by levulose in Munson 
and Walker’s method have been made. It is shown that the ratio: 
of the reducing powers of dextrose to levulose are not constant, but 
are a function of concentration of sugar. 
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A modification of the Nyns selective reduction method for 
te has been suggested which permits a performance of the 
analy sis in about one-half the time previously specified. 
An accurate and rapid electrometric method of cuprous-oxide 
Kk. sis by dichromate titration is described. 
13. The copper reduced by pure levulose by the modified Nyns 
7 has been determined and tabulated. 
The reducing power of dextrose has been found to be essen- 
tial ih independent ‘of the concentration of dextrose or levulose, 12.4 
mg of dextrose being equivalent in reducing power to 1 mg of io u- 
hee, under the conditions prescribed for the “modified Nyns’s method. 
The reducing effect of sucrose has been found to be 


mg Cu=3.32 S—0.31 S? +0.27 


in which S is the number of grams of sucrose. The formula is valid 
! only between 1 and 5 g of sucrose. 
16. Methods of calculation of the concentration of levulose in sam- 
| ples analyzed by optical and chemical methods are described. 


xX. APPENDIX 


Densities of levulose solutions and mean density and expansion 
coefficients between 20° and 25° C. 


[All weights corrected to vacuum] 


- ~AD Av 
p*® ie > a Levulose p* 


0. 99823 | 0.99708 | 

1. 00214 . 00095 | 

1. 00607 . 00484 | 2 it oa 

1. 01003 . 00877 249 || 36 .1718 "1693 
1. 01402 - 01272 | 2 | 17 - 17435 


1. 01803 . 01670 | 261 || ; . 1794 
1. 02207 . 02071 4: 1 . 1845 
1.02614 | 1.02475 | 280 ‘ B..-20:} 1.902 . 1897 
1.03024 | 1. 02881 28 278 || . 1975 . 19485 
. 20005 
1.03437 | 1.03290 ¢ 
1.03853 | 1. 03702 | : i . 2053 
1.04271 | 1. 04118 | 295 F 34 . 2106 
1. 04692 . 04535 31 300 | A . 2159 
eh 7 . 2212 
1.05116 | 1.04955 | 32% 307 : a . 2266 
1.05543 | 1.05378 3 
1.05972 | 1. 05804 | 337 | . 23 . 2320 
1. 06405 . 06233 | 34: ’ am . 2374 
| i 4 . 2429 
1. 06840 . 06664 352 | 329 || . 2514 . 2484 
1. 07278 . 07098 . 257 . 2539 
.07719 | 1.07535 | ' H 
08162 | 1.07975 | : a . 2595 


- 09055 | 
. 09507 | 
. 09962 
. 10420 


. 1088 

. 11845 
1181 | 
. 1229 
1, 1276 














Fhacctenel 
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TABLE 19.—Corrections to readings of Brix hydrometers immersed in Levilos 
solutions 

[The corrections at 20° C. were determined by referring the densities of levulose solutions of known Con 

centration to the sucrose density tables of Plato. The corrections at other temperatures are the algebrais 

sum of the corrections at 20° C. and the temperature corrections for sucrose multiplied by the ratios. 

the expansion coefficients of levulose and sucrose. The hydrometer is assumed to be constructed of Jens 

16 111 glass. Compare B. S. Circular No. 19, p. 23.] ™ 


{Standardized for sucrose solutions at 20° C.] 


Observed Brix 


2B. --..-) +. 46) +. 45) 


Lon EEE: aT TO: MEE SRP eEE meme ine dete Peet 
perature 0 | 5 10 | 15 | 20 | 25 | 30 | 8 | 40 | 45 60 | 55 | 60 | 65 

| Corrections 

| | j | | | 
_ ween —0. 09}—0. 16 —0. 20 —0. 26|—0. 29 —0. 30/0. 29|—0. 29 —0. 26|—0. 22'—0. 21!—0. 09!-40, o1!-+0, 12'+0,7 
19. .....| —.05) —.10) —.15, —. 20) —. 22} —. 21) —. 22} —. 20, —.17) —. 13) —.08} 00! +.10) +. 21) 4% 
20_...---; .00) —.05, —.09 —. 13) —. 15) —. 14) —. 13) —.12) —. 09) —. 05, +.02) +.10) +.20) +.31 44 
_ ee | +.04) .00, —.02 —. 06} —.08) —.05) —.04; —.04, —. 01) +. 05) +.08) +. 20) +.30) +. 49 4 
eee | +.10) +.06) +.03° +. 01) —. 01) +. 02) +. 04) +.05, +. 06) +. 13] +. 22) +. 30) +. 40) +. 52 4 
23__....| +. 16| +.12! +.10 os +08) +. 10! +.13| 4.13] +. 17] +. 23) +. 32, +.40 +. 51) +.62 + 

| | | } 
ne +. 21) +.19) +.17) +. 15) +.16) +. 19} +. 211 +, 23 +21 +. 33) +. 42) +. 50) +.61) +.73 + 
25. _.-..| 4.27] +.25| +. 25) +. 231 +. 23) +.27] +: 30 +. 32) +. 36] +. 41) +. 50) +. 69) +. 70) +.82 +4 
eas | +. 83) +. 32) +. 31, +, 30) +. 33 +. 35| +. 38) +.41) +. 46} +. 52 +. 60} +. 70) +-.81) +. 93 +1.4 
27__...-| +. 40] +. 39! +.38) +. 38] +. 40) +. 45] +. 48) +. 51) +. 55] +.60! +. 70) +.80! +. 92/41. 0441 1 
+. 46 +. 46) +. 50, +. 54) +. 57) +. +. 64) +. 70) +. 80) +. 90 +1. 02/41. 14 +1. 


} 


TABLE 20.—Refractive indices of levulose solutions 


[All data computed from weights in air with brass weights. Immersion readings are referable solely to the 
scale of arbitrary units proposed by Pulfrich (Zeit. angew. Chemie, p. 1186; 1899). According to thi 
scale, 14.5= 1.33300; 50.0= 1.34650; and 100.0= 1.36464] 



































| Zeiss | | Zeiss | \| | 
\immer- \immer-| l | 
Per | 20° | Sion 25° | sion “An | Per 20° 25° “An || Per} 20° 25° “AT 
cent; ™p |read-| ™p | read-| A?z® || cent) np nD Af |\ cent] ™p Rp | it 
| ing | ing | i 
| 20° 25° i} 
> eT eee Oo ee en BN is cnseell DANE 
- | | 
10-4 |} | X10-4 | | } XIiri 
0} 1. 33300} 13, 25 96)| 32) 1. 38385 1, 38207} 175) 64) 1.4479) 1. 4467 
1) 3442) 16. 90 98| 33 8564/8476} 177), 65 501 48( 
2} 3585 20.58;  100)/} 34) 8745] 8655; 180) 66 524/512 
3} 3729) 24.29) 102| 35 8927; 8836} —183|| 67 547} 535 
4) 3874) 28.05} 104'| 36} 9111) 9018} 185) 68) 569} 557 
5 40: 31.87) 106 7; 9295) 9201) 188] 69) 592 580 
6|  — 4167/ 35.71; 108|) | 38} += 9481) += 9386] +~=—:190}| 70 615) 602 
7 4315 39.61; 110) 39) 9669) 9573 192)) 71 633) 625 
8, 4464 43.53)  112|) 40; 9858} 9760 195) 72) 661] 648 
9} 4614 47.53;  115)| 41) 1.40048} 9949, 197/) 73 684, «672 
10, 4765 51.54 117|| 42 0239; 1.40140 199) 74 708! 695, 
11) 4917 55.57} 119) 43; += 0432} «= 0331| = -202), «75 731, = 719} «3 
12, 5070 59.68;  121|) 44; 0625) 0524, 204) 76 755) 742) 
13) 5224 63.81} 123) 45) 0821} 0718, 206/| +77 779} 766, = 
14, 5379 68.00) 125) 46) 1018} 0914 208] +78 803} 790) % 
15, 5534 72.25} 127) 47; 1216} 1111; 210)| «79 827} 84) 
16, 5691 76.56} 120! 48) 1415) 1309) 213) 80) 851) 838 2 
17, 5849 80.92}  132)/ 49 1616) 1509) 214) 81 875| 862) 2 
18 6008 85.28; 135)/ 50; 1818; 1710 216/| 82 900} 887, 
19 6169 89.71)  137)| 51) 2021, 1912 218|| 83 924,912, 
fT | | } 
20, «6332 94.17) 139)/ 52)  2226/ 2117; 219) 84 949) 936, 
21) 6496 98.71) 142)| 53/ 2432) 2322) 221/| 85 974, 961) 2 
22; 6659 103.31} 146] 54 2640 2528; 223] 86 999) 986, 2% 
a ee ee). ee | 148)) - 2848, 2736, = 224)) «= 87) «1.5024; 1.5011) % 
} 1 | 
24) 6006|.......| 6021|....... | 151} 56} 3058 2045) 226) ssi 049; 036 % 
25° «7166 088|.......| 154] 57] 3270 3166) 228] 89 074 062 2 
i, «=| eee | 157|| 58} 3482, 3368;  229)) +90) 100 s7, 3 
BF) Fe ancemend, > (CARB .-otted | 261) 59) 3696, 3581) -231)) 91 126 113) 3 
Hy | 
23 7 ees 164, 60; 3913) 3797; 232|| 92 151 139 
ae a | ea 166 | 61; 4130, 4014) 233/) +93 177 165, 3 
30,/  - 8080).......| 7045)....... 169|| 62) 4348, 4232) 235] 94 203 191 3 
ae, ees | Denes 173} 63} 4560 “ana 236|| 95) 230 217) 3 
| i 
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Mathews. 






evuloe Mey pte 21.—Corrections to be applied to saccharimetric readings of levulose solutions 
4 when a constant normal weight is used 
WD cop. {Normal weight at 20° C.=18.407 gm; normal weight at 25° C. =19.003 gm) 
algebra ooo oa —__— 
Tatios of | | 
fol | Correction =| Correction —|| | Correction 
Polari- | is (i ae |. ee 
zation | | || zation | | zation | 
| 20°C. | 25°C. | 20°C. | 25°C. | ..| 26°C. 





+0. 57 
- 60 








| 
| 
} 








| 
| 
| ; 
| | 
} | 





! " es Paes | 


9 er Nore.—In order to avoid constant repetition of the negative sign, the polarizations of levulose are con- 
1 sidered positive. The positive signs in the above table indicate that the negative polarizations of levulose 
' are to be increased to higher negative values. 


Taste 22.—Table of factors for Lane and Eynon’s volumetric reducing sugar 
method 


The factor represents the number of mg sugar required to reduce 25 ml of Soxhlet reagent. 


factor 
100x titer“ ™e sugar in 100 ml. 
{In the last three columns are titer corrections corresponding to experimentally determined factors which 
™ differ from the tabulated factors by 1, 2, and 3 units. When the experimental factor is greater than the 
y to tabulated, the correction is to be subtracted from the observed titer, and vice versa. This corrected 
0 titer is to be used with the tabulated factor] 


| | Titer correc- 
tions 

| Levu- | 

lose | 


| 
| | 
\Invert | 
| 20 30 


s 


10 
1 


0.12 0.24 | 
"26 | 
28 
"30 
"31 | 


. 33 | 
. 34 | 
. 36 | 
.37 

- 39 | 


41 
42 | 
44 
45 
-47 


49 
- 50 
. 52 
. 54 
- 55 | 
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TABLE 23.—Copper-levulose equivalents according to Jackson and Mathew’, 
modification of Nyns’s selective method for levulose 


{All data expressed in milligrams] 














| | | | 
| | | | | | 
| ,, | Levu- |} a. |Levu-|! ... | Levu-|] , pens ,, | Levu-|}) a Levu .,, | Levu 
| ©U | “tose || ©"! jose | “™ | “lose Cul jose |} 4} Jose || 8] tose | C8} Jose | Cu 
a cf | Vaal 
= 0.6 || 40} 13.9 || 79} 25.1 | 118 | 36.0 || 157| 46.6] 196| 56.8 || 235 | 67.91 274 me 
2 | 11) 41) 1421) 80) 254} 119] 36,2 |) 158 | 46.9} 197 | 57.1 || 236 | 68.2] 275) 7 
3 1.6 |} 42) 145} SL) 25.7 |] 120] 36.5 || 159} 47.1] 198| 57.3 || 237] 68.5 | 27% si; 
} 4 | 21/43 | 148 |) 82) 25.9] 121 | 36.8 | 160 | 47.4) 199 | 57.6 |) 238) 688) 277 B14 
5 | 25] 44/151] 83] 26.2 | 122 | 37.1 || 161 | 47.7 |, 200] 57.9 || 230] 69.1] 278 §17 
| 6 2.9 || 45 | 15.4 |) 84 | 26.5 || 123 | 37.3 || 162] 47.9 | 201] 581 || 240] 69.4 279 s0¢ 
7 3.3 | 46 | 15.7 |] 85 | 26.8 || 124] 37.6 || 163 48.2 | 202| 58.4 || 241] 69.7 || 280 524 
t-¢ 3.7 |) 47 | 16.0 || 86 | 27.0} 125| 37.9 |) 164} 48.4 | 203 | 58.7 || 242} 70.0] 281 | 927 
| 9 4.1 || 48 | 16.3 |] 87) 27.3 |) 126 | 38.2 ]| 165| 48.7] 204] 58.9 || 243} 70.3! 282 x3) 
| 10 4.5 || 49] 16.6 || 88] 27.6 127 | 38.5 | 166 | 49.0 | 205 | 59.2 | 244 | 70.7) 283 | 83,4 
| | | | | 
| 41 4.8 || 50} 16.8 || 89} 27.9 || 128 | 38.7 || 167 | 49.2] 206 | 59.4 || 245 | 71.0 |, 284 | 33.5 
}12 | 5.1] 51) 17.1 |) 90) 28.1 |] 129! 39.0 |) 168] 49.5 | 207] 59.7 || 246] 71.3 |) 285 | & 
13 5.5 17.4 91 28.4 || 130 39.3 || 169 | 49.7] 208] 60.0 || 247 71.6) 2896/8 
| 14 5.9 || 53 | 17.7 || 92| 28.7 || 131] 39.6 || 170] 50.0} 209| 60.3 | 248| 71.9} 27. 
| 15 6.2 || 54 | 18.0 |} 93 | 29.0 |] 132] 39.9 || 171 | 50.2] 210! 60.6 || 249 | 72.2) 298 ¢ 
| 16 6.5 || 55 | 18.3 || 94) 29.2 |! 1338] 40.1 || 172] 50.5 |] 211 | 60.9 || 250 | 72.5 || 289 
17 6.9 || 56 | 18.6 || 95} 29.5 |! 134] 40.4 || 173} 50.8 |] 212! 61.1 || 251 | 72.8 |! 2900 
18 7.2 | 67 | 18.9 || 96 | 29.8 || 135 | 40.7 |) 174] 51.0 || 213 | 61.4 || 252] 73.11) 201. 8 
19 7.6 | 58 | 19.1) 97 | 30.1] 136 | 40.9] 175] 51 3 || 214) 61.7 || 253 | 73.5) 292 
20 7.9 | 59 | 19.4 |} 98} 30.4 |) 137] 41.2 || 176] 51.5 || 215! 62.0 || 254] 73.8 || 293 
| | | | | j 
| | | | 
21 8.2} 60! 19.7 |! 99] 30.7!) 138} 41.5 |! 177] 51.8!) 216! 62.3 || 255!) 74.1!) 204° «7 
22 8.5 |} 61 | 20.0 |! 100! 30.9 || 130] 41.7 || 178] 521 | 217 | 62.6 || 256 | 74.4 |) 205 | a7 
2° & > 0 2 ) Q) ¢ 9 1] 17 y y i § D Rf 
23 -9 |) 62 | 20.3 || 101) 31.2 |) 140) 42.0 || 170 | 52.3 || 218 | 62.9 || 257 | 74.7 296 
24 9.2 || 63 | 20.6 |) 102] 31.5 |] 141] 42.3 |] 180] 526 | 219} 63.2 || 258] 78.1 || 297 
2 | 95 || 64 20.9!) 103) 31.8 | 142] 42.6 || 181 | 52.8 | 220 | 63.4 || 259) 76.4 | 298 
| | 
26 9.8 || 65 | 21.2 | 104) 321 |] 143] 42.8 || 182] 53.1 |] 221 | 63.7 |) 260! 75.7 | 299 
27 | 10.1 || 66 | 21.4 |) 105] 323 || 144] 43.1 || 183 | 53.4 || 222 64.0 || 261 | 76.0 || 300 
28 | 10.4 |] 67 | 21.7 || 106 | 32.6 |] 145 | 43.4 || 184] 53.6 |] 223] 64.3 |] 262] 76.4 || 301 | 99 
29 | 10.7 || 68 | 22.0 || 107 | 32.9 || 146 | 43.7 || 185] 53.9 || 224 | 64.6 || 263| 76.7 || 302% 
30 11.0 |] 69 | 22.2!) 108 | 33.2 || 147 | 43.9 || 186 | 54.2 | 225 | 64.9 || 264] 77.0 || 303 
| | | | } | 
81 | 11.3 || 70 22.5 | 109) 33.5 |) 148| 44.2 || 187 | 54.4 || 220 | 65.2 || 265 | 77.4 || 304 
32 | 11.6 |] 71 | 22.8 |} 110! 33.7 || 149] 44.5 || 188 54.7 || 227 | 65.5 || 266 | 77.7 || 305 | 9 
33 | 11.9 |) 72 | 23.1 | 111 | 34.0 | 150] 44.7 || 180 | 54.9 |] 228 | 65.8 || 267 | 78.1 || 306 
4 | 122 }) 73 | 23.4 | 112) 34.3 || 151) 45.0 |) 190) 55.2] 220 | 66.1 || 268 | 78.4 | 307 | 92 
35 | 12.5 || 74 | 23.7 || 113 | 34.6 || 152] 45.3 | 191 | 55.5 || 230) 66.4 || 269 | 78.7 | 308 | 92 
} 
| 
36 | 128 || 75 | 24.0 | 114] 34.8 | 153) 45.6 | 192} 55.7 | 231 | 66.7 | 270) 79.0 | 309 | 92 
87 | 13,1] 76 24.2 | 115 | 35.1 | 154 | 45.8 |! 193 | 56.0 || 232 | 67.0 || 271 | 79.4 || 310 | %8 
88 | 13.4 |] 77 | 24.5 | 116 | 35.4 || 155 | 46.1 || 194] 56.3 | 233 | 67.3 || 272] 79.7 || 311 | 9 
39 | 13.7 || 78 | 24.8 | 117) 35.7 || 156 | 46.4 || 195 | 56.5 || 234 67.6 || 273} 80.0 || 312 
} } 





Example illustrating the use of Table 24 (see discussion, p. 433)— 
Assume that a solution of levulose and dextrose polarized at 20° C 
-43.8° S., and that 5 ml of this solution diluted to 100 ml gave 
Lane and Eynon titration of 26.18 ml when the correction for the 
titration factor is zero. Then 


D =100/5 = 20 
and 
PT 43.8 X 26.18 was 
a rn, — 57.3. 


By Table 24 the approximate ratio is 89.8 per cent, and the cor 
rection factor, f, is —0.80. The correction is 


fXxD__0.80X20__ 9g 
Te) 26.18 y 
and the true ratio is 


89.8—0.6=89.2 


ae 
Seem 
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The concentration of total sugar is calculated in the usual way from 
he 1 y 
he titer 


a 27.( ; , ; 
oo = mee a = 485.1"mg per 100 ml of solution titrated 


he concentration in the polarized solution is 
0.4851 x 20 =9.702 g per 100 ml 
and levulose is 


9.702 x 89.2 per cent = 8.654 g per 100 ml. 
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Example illustrating the use of Table 25 (see discussion, p. 434) — 
Assume that a solution of levulose and dextrose gave a Lane and 
Eynon titer of 25.89 ml and that 20 ml of the same solution precip). 
tated 247.3 mg of copper by the modified Nyns method. The origing| 
solution then contained by Table 23 Oe = 358.5 mg of apparent 
levulose per 100 ml. Then 


TXxl_ 25.89 X 358.5 
100 100 


Referring to Table 25 we find opposite this product and unde 
T=25 the true ratio of levulose to total sugar to be 71.5 per cent, 


= 


Lane and Eynon’s factor is 125.7 and the total sugar per 100 ml is 
125.7 - ae 6 . 

5r eg = 485.5 mg, of which 71.5 per cent=347.1 mg is levulose and 
25.85 

138.4 mg is dextrose. 


= 92.8 





TABLE 25.—Ratio of levulose to total sugar from Lane and Eynon titration ani 
Nyns ‘“‘apparent”’ levulose 









































| 1 | i | ' | 
l | | Txt | Tx | 
aon | P=15| T=25|T=35, T=45 ar | T=15 T=25| T=35, T=45 || pee |T=15| T=25| T=05 T= 
| } } | | 
M.....| 1.2) 122] 12) 1.1) 50.....] 35.6 | 35.4 | 35.2) 35.0 |] 80... 68.5 | 68.3 | 681) | 
Bb 21) 21) 20] 20] 61.2.2. | 36.5 | 36.3 | 36.1 | 35.9 || 90..__- 69.3 | 69.1 | 68.9 | 6: 
13.....| 3.0] 3.0} 29] 29 || 52.-.--| 37.3 | 37.2| 36.9 | 36.7 || 91-....| 70.2 | 70.0 | 69.7) 604 
14. 3.9) 3.8| 3.8] 3.7 |) 53.....| 38.2] 38.0 | 37.8 | 37.6 || 92...) 71.0 | 70.8 | 70.6) 70 
15 148/47) 47] 46] | 93....-| 71.9 | 71.7 | 71.4] 7 
| | | | _ | 39.1 | 389/386) 384 
16. 5.7| 5.6| 5.6] 5.5 |) 55....-| 39.9 | 39.7 | 39.5 | 30.3 |] 94..._. | 72.7 | 725 | 723) 72 
17.....| 65] 65| 64] 6.4] 56..... | 40.8 | 40.6 | 40.3) 40.1 || 95 73.5 | 73.3 | 73.1 | 728 
Bt 201 201 68) ZO Rice | 41.7 | 41.5 | 41.2) 40.9 |] 96.._.. 74.3 | 74.2 | 73.9 | 7 
19_- 83{ 82] 82) 81] 68._... 42.5 | 42.3 | 42.1 41.8 }} 97.._-- | 75.2 | 75.0) 74.7 | 744 
20. - 92/91] 91) 9.0] | | | 98.2... | 76.0 | 75.8 | 75.6 | 75.3 
| | 59.....| 48.4 | 43.2} 42.9) 42.6 || 
21.....| 10.1] 10.0} 100) 99} 60...-.| 44.2| 44.0] 43.8) 43.5 | 99.....| 76.8 | 76.6 | 76.4| 7 
22-....| 11.0] 10.9 | 10.9] 10.8} 61.-.--.| 45.0 | 44.8 | 44.6) 44.3 || 100 77.6 | 77.4 | 77.2 
ee 11.9] 11.81 11.8) 11.7 |) 62--_.] 46.9 | 45.7 | 45.5 | 45.2 || 101-._.| 78.5 | 78.2 | 78.0 
ene 12.8} 12.7 | 126] 125 || 63..---| 46.7 | 46.5 | 46.3) 46.0 || 102....| 793] 79.0 | 788) 7 
| 103... .| 80.1 | 79.9 | 79.6 | 793 
13.7 | 13.6} 13.5] 13.41) 64..... | 47.6 | 47.4 | 47.2! 46.9 | * 
8..... 114.5 | 14.4) 143] 14.2 |) 65...-] 48.4 | 48.2 | 48.0] 47.7 || 104----_| 81.0 | 80.7 | 80.4| 8 
27.....| 15.4 15.3 | 15.2} 15.1 | 66.22.) 49.3 | 49.0 | 48.8] 48.5 |] 1056._../ $1.8 | 81.5 | 81.2) 809 
28 16.3 | 16.2] 16.1 | 16.0 | 67..-..| 50.1 | 49.9] 49.7] 49.4 || 106..._| 82.6 | 82.3 | 82.0) 8 
| 68..-.-| 51.0 | 50.8 | 50.6 | 50.2 || 107__.-| 83.5 | 83.2 | 828) 8 
.....| 17.2 | 17.11 17.0] 16.9 108....| 84.3 | 84.0 | 83.6 | 8 
30 18.1 180! 17.9] 17.8 69.....| 51.8 | 51.6] 51.4] 51.1 | | | 
31 119.0 189/187] 18.6 |, 70..-..| 52.7 | 525! 522] 51.9 || 100....! 85.1 | 84.8 | 84.4) & 
32 19.9 19.8) 19.6] 19.5 | 71....- 53.5 | 53.3 | 53.1] 52.8 || 110..--| 85.9 | 85.6 | 85.2) 8 
33 20.8 | 20.6 | 20.5} 20.4 | 72 54.3 | 54.1 | 53.9 | 53.6 || 111....| 86.7 | 86.4 | 86.0) & 
73....-| 55.2 | 55.0 | 64.7 | 64.4 || 112.._-| 87.5 | 87.2 | 86.8| & 
aes 21.6 | 21.5 | 21.4] 21.3 | | 113....| 88.3 | 88.0 | 87.6) 87.3 
35. ~| 22.5 | 22.4 | 22.3 22.2 || 74 56.0 | 55.8 | 55.6 55.3 
36 23.4 23.3 23.2] 23.1 || 75 | 56.8 | 56.6 | 56.4] 56.1 || 114....| 89.1 | 88.8 | 884 8 
37 24.3 24.2 24.0! 23.9 | 76 57.7 | 57.5 | 57.2 | 66.9 || 115....| 90.0 | 89.6 | 89.3) 8 
38 25.2 | 25.1 | 24.9 24.8 {a 58.5 | 58.3 | 58.1 57.8 116 90.8 | 90.4 | 90.1) 8 
Picsal 59.4 | 59.2 | 589] 68.6 || 117.--.| 91.6 | 91.3 | 91.0! WE 
39 26.1 26.0 25.8] 25.7 118.-..| 92.4] 921 | 92.8! 9 
40...--| 26.9 | 26.8 | 26.6 | 26.5 || 79.....| 60.2 | 60.0} 50.8] 59.5 
4] 27.8 27.7 | 27.5 | 27.4 || 80.._..| 61.1 | 60.9 | 60.6] 60.3 || 119 ...| 93.2 | 92.9 | 926) & 
42.....| 28.7 | 28.6 | 284] 283 || 81._... | 61.9 | 61.7 | 61.4 | 61.1 |} 120. ..-) 94.0 | 93,7 | 93.4) % 
43 29.5 29.4 29.2] 29.1 || 82.....| 62.8 | 62.5 | 623] 62.0 || 121..../94.8| 94.5 | 94.2) 9.8 
83.....| 63.6 | 63.3 | 63.1 | 62.8 || 122 95.6 | 95.3 95.0) % 
30.4 | 30.3 | 30.1} 30.0 | 
45. 31.3 | 31.2 | 31.0] 30.8 | $4._--. 64.4 | 64.2 | 63.9 | 63.6 || 123....| 96.4 | 96.1 | 95.8 9%. 
, aes 32.2 | 32.0! 31.9] 31.7 || 85..-.-| 65.2 | 65.0 | 64.8] 64.5 || 124._..| 97.3 | 97.0| 96.6 & 
47 33.0 | 32.9 32.7] 32.5 | 86.....| 66.0| 65.8 | 65.6 | 65.3 || 125....| 98.1 | 97.8 | 97.4 9 
48.....| 33.9 | 33.8 | 33.6 | 33.4 || 87...--| 66.9 | 66.7 | 66.4 | 66.1 || 126....| 98.9 | 986 | 98.2)| %7.5 
| | 88... 57.7 | 67.5 | 67.2] 66.9 || 127._..| 99.7 | 99.4 | 99.0) ME 
49___..| 34.8 | 34.61 34.4! 34.2 || i | 
| De - 
WASHINGTON, January 27, 1932. 
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